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Preface 


Water will determine if India becomes wealthy or remains poor. But the 
management of water is not simply about building more dams or pipelines to 
take the water (o our cities and pipelines to Mush the waste from our homes. 
‘The management of water is about building the relationship of society with 
its water, so that we can understand the value of each raindrop and 
understand that unless we are prudent, indeed frugal, with our use of this 
precious resource, there will never be enough water for all. 


Water management is then about society and its ability to create technologtes 
‘to maximise the use of water and more importantly, technologies to share 
water with all. tis for this reason that we must re-learn the water wisdom of 
the past, In the late 1990s, CSE published its book Dying Wisdom: The Rise, 
Fall and Potential of India’s Traditional Water Harvesting Systems, which 
documented the extraordinary wealth and ingenuity of its people living across 
different ecological systems to manage water. The systems ranged from ways 
of harvesting glacier water in the cold deserts to delivering water with 
precision over long distances through bamboo drip irrigation systems in the 
northeastern hills of Indi 


‘The kundi of the hot desert of India incorporates the simplest of technologies 
for powerful impact. Rain is harvested on an artificially created piece of land, 
which is sloped towards a well to store precious water. The water maths is 
‘oqually simple; As little as 100 mm of rainwater harvested on 1 ha of land will 
collect 1 million litres of water in this structure. On the other hand, in the 
othor regions of the country, peoplo harvested floodwaters. 


In other words, people had learnt to live, with the excesses of water, and with 
its scarcity, They all worked on the principle of rainwater harvesting in a 
country which gets rain for only 100 hours of the 8,760 hours in a year. They 
knew that all the rain of the year could come in just one cloudburst. The 
solution was to capture that rain and to use it to recharge groundwater 
reserves for the remaining year, The answer ultimately was to use the land 
for storing and channelising the rain - over the ground, or under, Catching 
‘wator where it falls and when it falls, 


‘This tradition of yesterday has crucial relevance in today and tomorrow's 
urban India, Today, our cities get their water supply from further and further 
away - Delhi gets Ganga water from the ‘Tehri dam, Bangalore is building the 
Cauvery IV project, pumping water 100 km to the city, Chennai water will 
traverse 200 km from Krishna river, Hyderabad from Manjira and so on. The 


point is that the urban-industrial sector's demand for water is growing by 
leaps and bounds. But this sector does little to augment its water resources, it 
does even less to conserve and minimise its use. Worse. because of the 
abysmal lack of sewage and waste treatment facilities, it degrades scarce 
water oven further. Groundwater levels are declining in urban areas as people 
bore deeper in search of the water that municipalities cannot supply. 


In this way, water scarcity grows. The real tragedy is that when it does not 
rain, a city cries for water; when it does rain, it eries again because of floods. 


In new India, the water imperative is that cities must begin to value their 
rainfall endowment. This means implementing rainwater harvesting in each 
‘house and colony, But it also means relearning about the hundreds of tanks and 
ponds that built, indood nourished, the city. Almost overy city had a troasure of 
tanks, which provided it the important flood cushion and allowed it to recharge 
its groundwater reserves, But urban plannors cannot seo beyond land. So, land 
for water has never been valued or protected. Today, these water bodies are a 
shame — encroached, full of sowago, garbage or just filled up and built over. The 
city forgot it needed water. It forgot its own Lifeline. It lost the knowledge of how 
to value the raindrop. 


Builders and architects have simply never been taught how to hold water. 
They have been trained to see water as waste and to build systems to dispose 
it as fast as possible. Of course, given the sheer mess of urban India, even the 
stormwater drains (where they exist) have become conduits for sewage or are 
choked. A whole generation of Indians will have to be retrained to understand 
water once again. It is sad how quickly a society can forget its own wisdom. 


It Is this wisdom, this knowledge that needs to be rebuilt, Our effort in 
publishing this toolkit is to retrain and reskill « generation of Indians who 
have lost touch with nature's most precious git - rain, My colleagues have 
documented experiences of individuals, communities and building 
assocations. Most importantly, they have documented the new innovations ~ 
from the design of filters to rainwater harvesting sumps. This innovation is 
what society needs as it rebuilds its knowledge of living with nature, We 
Delleve this re-skilling will happen only when the community of knowledge 
seekers and innovators can learn from each other, Build a new science and a 
new art — together. 


1 hope that this toolkit on urban rainwater harvesting will build new 
experiences and new learning. Enjoy the ‘magic’ of making rainwater a part 
of your life 


Sunita Narain 


Foreword 


Since the 1990s, Centre for Sclence and Environment (CSE) has been 
advocating that we should learn from our traditions 10 develop new 
approaches for managing modern-day water needs. Using its publication 
Dying Wisdom (see Preface), CSE launched a campaign to ‘make water 
everybody's business’ - the premise was that every person can manage 
her’is water needs by using the traditional and simple technology of “catch 
water where it falls”. 


‘The idea caught the imagination of the people; their interest and support, in 
turn, pushed the government to pay attention. Today, everyone, from the 
‘common man to ministers, are talking about rainwater harvesting. Rainwater 
harvesting is on the political and policy framework of the country. 


CSE began with a simple campaign strategy — 1 make households, industries, 
institutions, villages and urban mohallas, all recognise the importance and 
value of rainwater harvesting. We produced simple literature and organised 
dozens of meetings to explain the principles and practice of rainwater 
harvesting. In Delhi, we collahorated with citizens to build model institutions. 
‘These model projects show people how rainwater harvesting is done. The CSE 
building, for instance, captures every drop of rain that falls on its premisos. 


Once people are interested in the idea, they then want to know how to do it. 
We provide free technical guidance to citizens every week. Woe regularly 
conduct workshops for builders, architects, wator administrators and other 
groups to acquaint them with water harvesting technologies, We collaborate 
with local agencies to help thom set up resource contres that are a ropository 
of information on wator harvesting. These ‘Rain Centres,’ as we call them, 
have live demonstration facilities to show how water can be harvested in an 
urban contex!. We have produced manuals to help citizens implement 
rainwater harvesting in their houses or offices, 


CSE water researchers have scoured the country to identify good examples of 
urban rainwater harvesting efforts. We wanted to see what has happened to 
the idea we had sown way back in 1996. We were blown away by what we 
saw ~ the sheer dedication and the innovation of ordinary people was awe- 
inspiring. We saw how rainwater is being used to address a variety of water 
problems ~ to supply water to balwadis in slums, to improve water quality, 1o 
provide high quality water for cooking and drinking, to reduce water bills, in 
general, to provide water security. There were examples of ordinary citizens 
having come together (o regenerate community water assets such as temple 


tanks and urban lakes. We also came across entrepreneurs who are 
manufacturing filters and other components and consultants who help 
citizens implement rainwater harvesting. It was really heartening to see that 
in several cities, mainstream architects have branched off into designing 
water harvesting and wastewater recycling systems. 


‘The government has done its bit to help citizens implement rainwater 
harvesting. There are municipal bye-laws in many cities that make it 
mandatory to make rainwater harvesting structures an integral part of the 
building. Some cities also provide incentives ~ Delhi and Indore, to nama a 
fow. We also came across a bank, the State Rank of Hyderabad, that provides 
loans for building rainwater harvesting structures. Legislators use MLA or MP 
funds to help implement rainwater harvesting. 


All this is good, but is it enough? Much more can be done and should be done 
by the government. Citizens aro contributing more than their share. It is time 
that municipal and other govornmont bodies made determined efforts to 
regenerate every urban water body, hold rainwater in every urban groon 
space and harvest rainwater in every govornment building. If we have to 
make our cities Rain Citios, the government nceds to step up to the next levol 
of harvesting and holding all the water that falls on our cities. 


We are grateful to all those who haye shared their case studies with us, 
patiently answered all our queries and provided data, drawings and 
photographs. We had collected more than 80 case studies from across the 
country, but could not use all of them due to paucity of space. The remaining 
case studies will be put up on our website. 


Gita Kavarana 
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Introduction 


The art and science of catching water where it falls is 
ancient wisdom, but one which is dying. Traditionally, 
most indian cities had developed an intricate system of 
harvesting ralnwater through tanks and lakes. Urban 
water badies served to soak up rainwater in the cities 
and were the primary sources of water supply. In cities 
on riverbanks they served as flood cushions and in 
deltaic cities like Kolkata urban water bodies served es 
a means to treat wastewater 

The technology of rainwater harvesting has been 
used since ancient times but is today ignored in favour 
of modern systems, only 2 couple of hundred years 
old. There has been little effort to study and improve 
the technology despite its great potential to provide 
water on a sustainable basis. In urban areas, rainwater 
falling within individual houses, mainly using rooftops 
as catchments, can be hamessed. 

If we can revive this traditional wisdom of catching 
and using rainwater and reinforce it with modern 
science and technological inputs, we can surely 
address modern day water problems. Rainwater can be 
collected from rooftops of buildings, playgrounds and 
parks, roads and flyovers and urban forested areas. 
These diverse forms of rainwater harvesting serve 
different purposes ranging from drinking, non-potable 
uses, groundwater recharge, to address flooding and 
to improve quality of groundwater. 


SECTION 


@ Most cities in India have to deal with depleting water supply, 
marked by falling groundwater levels, vanishing water 
bodies, severe pollution and urban floods 


© With their own supplies drying up, cities are forced to source 
water from further and further away. This is expensive 


@ City planners usually ignore a powerful source of water that 
they can have easy access to - rain 


@ Rainwater and run-off can be harvested on the simple 
premise of ‘catching water where it falls’. It can be collected 
and stored, or conveyed to the aquifer to recharge 
groundwater 


© Rainwater harvesting (RWH) Is gradually being taken up by 
citizen's groups and municipalities aided by legislation that 
makes it mandatory. The first such legislation was laid out 
for the city of Chennai after the drought of 1992-93. Detailed 
specifications for structures were published by the Madhya 
Pradesh government as early as 1984 


© A prospective rainwater harvester has help on hand. Many 
municipalities have RWH cells which provide information and 
technical advice. Financial assistance under the Jawaharlal 
Nehru Urban Renewal Mission is available. Small personal 
loans too can be availed 


© A fresh multi-pronged impetus is necessary to take RWH 
forward: pricing incentives for RWH, disincentives to 
discourage water wastage, regeneration of water bodies, 
RWH in public buildings, colonies and green areas 
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Urban India’s water crisis 


Watr is what uchan India is fighting for today. Cities aerass the country — from Chennai in the 
south to Shimla in the northorn hills, from Kajkot in the west to Cherrapunji in the north-east ~ 
are facing the crippling effects of acute waver scarcity 

‘There is hardly any city that ean boast of a 24-hour water supply (see Table 1.1: Water 
availability), Groundwater tables are falling rapidly, centuries-old water bodies have 
disappeared or are sovercly polluted, and urban Noodls are bacoming a regular phenomenon 
during monsoons. In addition to this, most of ur rivers have become carriers of urban flth. 

‘This searcity-pollution tango is giving rise to a nightmarish scenario in which urban 
populations ~ mainly the urban poor are at the receiving end. Lot us take a look at the various 
facets and factors that are fanning this eris 


‘able 1.1: Water availabanty 
Shap fallin two deeados asross dian etne 
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A DESTRUCTIVE URBAN WATER PARADIGM. 


How do moder cities source and use water? Our planners don't make rain-friendly cities. Most 
of the rain that falls in cities is allowed to drain away as run-off; this rain could have recharged 
the groundwater, but with the increase in built-up areas within cities, the land available for 
rocharge Is getting drastically reduced, even as the groundwater is heavily abstracted, 

‘This situation is worsened by the extraordinary value attached to real estate, resulting in the 
conversion of natural recharge areas such as lakes, ponds and wetlands into built-up arous, 

While the rainwater is thus wasted, city administrations go to great afforts to bring water at 
4 huge cost through pipes and tankers. Much of this water is abstracted from far-off areas — 
siving rise to potential points of conflict with the users of this water in those places (see Box: 
Water fram ofan. 


RAPID URBANISATION 


India’s urban population has grown almost five times between 1951 and 2001. By 2026, an 
estimated 38 per cent of the total population will be urban.’ As a result, there is tremendous 
pressure on all resources, including water. Cities are demanding and consuming more water, 
and also wasting a lot of It In the process. 


‘Water from afar 
[Metropolitian cities freeload on their hinterland 


‘The Delhi goverment goes far into the neighbouring states in search of water In adetion to 
ee res ane Dele 
brought through the Wester Yamuna Canal from Hathaikurdajew ena 
‘of Haryana state. Water i also obtained from the Rav-Beat storage at in 
from the Bhacirath ver storage a Tehri dam in Uttarakhand, a well as fom the Ganga touch 
‘the Upper Ganga Canal in Utterekhand and Uttar Prades. All hiss tll not enough. Groundwater 
iealeo abstracted bath by the Delhi al Board a¢ well at by residents. 

Sirilary, Chennal brings water from Veeraram lake, Mumbal from Vatama and whats, indore 
‘from the Narmads river and Jodhpur from the Inire Gendhi Canal 


‘Figure: Distant water sources 


Tohrider 


=e = 


era ana Cat g 
tsdan a OR 
0 


ps Tig) 72% 
fy 
t 


Cita ff Att 
ae ne ee 


800 km 


oo 
eoo eon 
cecces 


es 


More consumption means generation of larger volumes of wastewater. An estimated 80 per 
‘eont of the water we use is discharged as wastewater. Governments are simply falling to keep up 
= both with the demand for freshwater and the need fbr treating wastewater. Unmet demand 
rosults in increasing withdrawals from the ground (see section on groundwater beiow), while 
tunireated wastewater pollutes surface water sources as well as groundwater. 


WATER POLLUTION IN URBAN AREAS 


In 1978-79, India produced 7 billion litres a day (BLD) of sewage in 20 years, this had 
increased nearly five-fold to 38 BLD. But tho treatment capacity is a moagro 12 BLD3. The 
untreated sewage goes back into the rivers which are also the sources of water for the next city 
‘or town downstream. As a direct result of this, the quality of groundwater is also deteriorating, 
‘with problems ranging from excess of nllrate and total dissolved solids (TDS) to arsente and 
fuoride contamination (see Box: Potable groundwater) 

Besides rivers, most other surface water bodies — lakes, ponds, wells ~ have also become 
receptacles for urban sewage, and are disappearing. Kesearchers at the Indian Instituto of 
Science, Bengeluru, have determined hat thelr clty had 51 lakes in the early 1970s; by the ead 
‘of the century, this number had plummeted to a more 17, of which only 14 could be considered 
‘alive’ In Hyderabad, thore wore 932 water bodies in 1973; by 1996, 834 were loft 

In the caso of Delhi, even determining the number of water bodies took some time. effort and 
‘coaxing by the judiciary (see Box: Whither water bodies: 
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Potable groundwater 
Rainwater (stirst collected and stored and subsequently used to dilute groundwater 


At Kokswad Ashram in Jhabua, Madhya Pradesh. a residential school for tribals, rainwater 
harvesting has been used to dilute the high fluoride level in groundwater. The rain falling on the 
rooftop of the school building is stored in a 75,000 litre ferrocement tank and ured for this purpose. 
‘he groundwater as well as the stored rainwater is pumped to overhead tanks where they are 
med and used for drinking and cooking. The diluted groundweter is potable. 

This 5 the simplest and most cort-afactive way to addres fluoride contamination. There are 
fluoride fters of various design, but these do not work on 3 sustainable basis since they require 
sustained monitoring and maintenance. in this scenario rainwater from storege tanks are 
inceasinaly being used to recharge shallow dugwell. 
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‘Whither water bodies? 
Delhi found it hard to tally numbers 
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{n 2001, the Delhi Municipal Corporation had come up with a Ist of 177 water bodies in the capital: 
this contontion was challenged, since an earlier report had identified 355, Subsequently, the Delhi 
High Court ordered a survey, which came up with a figure of S08 water bodies in 2002, However, 
‘there were several discrepancies in this list too. A new sommitiee was formed for yet another 
survey, which chowed that there were 794 water bodies in Delhi. 

‘ut several prominent water bodies were missing even from this survey. A water body in Sainik 
Farms that was listed in 2002, for instance, was not included in the second list as the surveyors were 
unable to findit lake near the Indira Gandhistadium was also missing. Over half ofthe natural lake 
‘of Mayepuri was found to have been taken over for construction of a common effluent treatment 
plant (CETP) even as the Public Works Department claimed that no such lake existed in its records 


GROUNDWATER DEPLETION 


{In cities across the country ~ Chennai, Bangalore to Kolkata and Ahmedabad ~ rapid deline in 
groundwater levels have brought on unanticipated problems. In Chennal, over-extraction of 
groundwater in tho Minjur well fild has rosultod in rapid ingroes of seawater, which extended 
from 3 km inshore in 1969 to 7 km in 1983 and 13 km in 2007." In Kolkata, reckless 
‘groundwater exploitation has changed the direction of the flow of the water and resulted in land 
subsidence in the central and southern parts of the cly. Ia Amedabad, groundwater levels have 
declined from loss than 20 motros below ground level (m byl) ia the 1960s to more than 160 m 
‘ng! in 20013 (so Graph 1.1; Decline in grounchwater level, western periphery of Ahmedabad)? 


Graph 1.1: Dectine in groundwater level, western periphery of Ahmedabad 
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URBAN FLOODING 


While on ono hand there is sovere water shortage, on the other, cities are increasingly drowning 
under swirling food waters. In the last decade alone, a number of incidences of urban floods 
were reported ~Mumbal (9), Abmedabad (7), Chennai (6), Hyderabad (5), Kolkata (5), Bengaluru 
(4) and Surat (3). 

In many citios, wator bodies and natural drainage channels have beon filled up and 
encroached upon, thus leading to flooding. Besides this, the crumbling drainage systems in 
many towns, built many years ago, have not been expanded, modernised or matntained, This 
aggravates water-logging and flooding and leads to health hazards in its aftermath, 

The flood wators can be harnessed and used (soo Box: No more flonding). 


No more flooding 
Abenk shows the way 


‘The Karnataka Bank branch in Kuvempu Nagar, Mysore, used its basement for parking vehices, n 
the rainy season, the basement would be completely flooded. To address the problem, the bank 
‘bulit an underground tank to collect the flood water which was pumped out into the stormwater 
drains. 

To put the water to good use the bank authorities decided to recharge the aquifer with the 
collected rainvrater and a recharge borewell wes sunk within the tank itself. During the monsoon 
at least 10,000 titres percolates into the aquifer every day. As the water level in the aquifer rose, 
‘there was no flooding in the basement. The bank staff say that the quality of water from the 
borewell used by them has improved. The hardiness has reduced. 


UNDERPRICING IN WATER SUPPLY 


‘Supplying water to cies is an expensive proposition ~ especially when we pay a pittance for the 
‘water that we got. For instanco, Chennai spends Rs 4,003 as annual operations and 
maintenance (O&M) cost per connection per year. but collects barely 25 per cent of that as 
revenue from every domesilc connection per year, 

‘Similarly, Bhopal manages to collect only about 19 per cent of ts O&M expenditure from its 
domestic connections. Municipalitios also spond substantial amounts on capital expenditure for 
each connection, but charge very litle. Chennai hag an average capital expenditure (between 
2002-2006) of Rs 10,080 per connection, but it charges only Hs 1,930 for every new connection, 
‘Mumbai has a capltal expenditure of Rs 3,790 per connection and charges a mere Rs 910 for 


(Graph 1.2: Costtarittehortfall 
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every new connection (see (raph 1.2: Cost-tariff shortfall. 
The distribution iy as skewed es the pricing. Offical supply rarely reaches the poor, and the 
benefits of the low prices aro usually reaped by the rich, 


WAY FORWARD. 


Rainwater harvesting is an idoa whose time has come. Today, there is « great deal of Interest tn 
society to take responsibility for their water. There are innovations in capturing and using 
rainwater In every city. The gavernment too, is following the trend and has brought in legislation 
and measures to cajole or force citkzeas to harvest rainwater, 

‘To enter to the modern day urban wator demands of a growing urban population, cles have 
10 use 4 variety of methods to harvest, slore and use rainwater From micro-eatchments of 
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rooftops to macra-catchments of urban lakes, there a wide variety of urban water harvesting 
‘methods that cities need to employ and maximise their water supply. At the household level 
‘water harvesting can supplement existing water supply and reduce dependence on municipal 
‘supply. At the city lovel, water harvesting will serve to maximise available water for supply, 
prevent flooding, and recharge the groundwater. Therefore, water harvesting in urban habitats 
can be practised by households, faciories, institutions and the governments. 

Rooflop water harvesting affords an affordable moans of accessing good quality water at the 
point of consumption, where the control ofthe water supply lies a the user level. Rainwater can 
tbo stored for long periods without deterioration of quality as can be seen from the wide 
prevalance of storing rainwater in underground tankas in arid regions of Rajasthan and Gujarat, 
In urban clties of India today, whore multi-storeyed buildings are becoming the norm, rainwater 
‘can be collected from the roof, paved and unpaved areas and recharged to the aquifer. 

‘Tho acute urban water scarcity has forced the government and the people to act. The public 
response to water harvesting has been positive all over the country. Concerned citizens across 
the country have also come together to protect urban lakes and water bodies in many citfas 
State governments and city municipalitios have onacted laws and introduced incentives and 
other measures, which havo served to encourage citizens to harvest rainwater. The city of 
Chennai, for instance, was the first to put in place systems to ensure large-scale rainwater 
harvesting. Other cities have followed sult with similar legislation, 
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02 
The fundamentals 


Rainwater harvesting (IW involves the capture, storage and use of rainwater and run-off for 
domestic or agricultural purposes. Essentially, RWI systems uso the principle of conserving 
rraiawater ‘where it falls’ in the pracess recharging groundwater. 

In urban areas, rainwater can be collected {rom the roof, paved and unpaved areas of a 
house, a block of flats, a colony, a park, a playground, parking areas, schools, office complexes, 
lnkos and tanks 


Thero are two ways of using tho harvested rainwater, through (1) storage in receptacles, and 
Wo 2) recharge into the aquifer, 


ELEMENTS: URBAN RAINWATER HARVESTING 


A fow, baste elements are © 

system 

1. the catehment area where the 

2, the conveyance or conduit system that channels the flow of water in-a given direction; 

3. the first flush (a valve that ensures that run-off from the first spoll of rain is fushed out and 
doos not onter the system) and the filter syste, and, 

4. the storage area, consisting of tanks/receptaclos, 

5. the recharge area, whore the harvested rainwater is 


n 10 all KWH systems (See Figure 2.1: Model of a simple RWH 


in alls 


ed to replonish the yroundwator, 


Figure 2 


Mode! ofa simple RWH system 


CATCHMENT 


‘The catchmont is a structure or land area that 
sused to collect rainwater and drain run-off. IL 
could be elther paved or unpaved (see Table 
21: Catchment surfaces and their 
characteristics and Figure 2.2: Types of 
catchment) 


Paved area catchments: These are smouth 
surfaces, clean and more impervious to 
seepage. These surfaces collect greater 
quantity and beter quality of water. These 
could be roofs, driveways, parking areas, 
courtyards and roads 

Roof catchments have the maximum run-off 
land are generally considered clean and sate. 
Yet, water harvesters should keep in mind 
possible contaminants. In India, roofs in urban 
areas are mostly made of reinforced concrete 
cement (RCC), but roofs can be laid with 
galvanised iron (GI) sheets, les or slates. AL 
times, roofs could also be thatehod. 

Concrete or coment roofs retain more dust 
‘and dirt than metal roofs, which are smooth. In 
the case of GI roofs, rainwater may capture 


Roof catchments: what not to use 
Tar felted roots: A source of biological and 
heavy metal contamination. 

‘Asbestos sheets: Weathered and leached 
fibres of asbestos are highly toxic. 
‘Chemically treated roofs: Chemicals used for 
‘waterproofing have high concentration of 
heavy metals. 

Painted roofs: Most paints contain lead, zinc 
and chromium. Over time these may dissolve 
with rainwater, conteminating stored 
rainwater 


Treating catchment surfaces 
Catchments can be improved with different: 
kinds of treatment to improve their water 
collation efficiency. Ground or and surfaces 
can be improved by clearing or altering 
vegetation cover, increasing the slope of the 
land and also by soit compaction. Roofs can 
be tueated with lime surkhi and cement 
mortar to improve collection efficiency 


zing, the coating material. Ifthe rain is acidic, metal roofs used in industrial areas will leach 
‘metals into wator. Similarly, paints used on metallic roofs may leach out toxie chomicals such as 
lead or chromium. This is why ceriain materials must not be used when installing RWH systems 


(see Box: Roof carctuments: what not 10 use). 


When rainwater is collected at driveways, parking arcas, courtyards and on roads, water 
is conveyed through gully traps, channels, stormwater drains and somotimes collectod at the 
end of natural slopes. This can be used for groundwater rechargn or for non-potable uses such 
as gardening. The quality of waier collected in these places is not as good as that of & rocfop 


Figure 2.2: Types of catchment 


Fat rot 
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Table 2.1: Catchment surtaces and their characteristics 
Clear catchments are nacestary ac thoy yield maximum runt for harvesting 


| Types of surtaces | Materials | Characteristics 
Paved surfaces 3 
| Fat roole Gonerete, cement sheets, china | Safe and clan catchments ae least prone 10 
‘chins, rcks wih cement ining | cantarinarts. They asa yield maximum runoff 
cvalabie for harvesting 
| stoping reats Gi (erased on) sheets, | As above xe 
Mangalore ties, | 
slate, fre steets | 
‘eated roof suriaces | Thatched roots covered wth Improves water calection 
| Dalythene sheots | 
Dineways, courtyards, | Cerert, concrete, tes allects go00 alent ol rainwater of reasonable 
pavement, infernal ‘ual, depording on maingonanco ofthe site 
rads | 
Highways, roads, Asohal, concrete, bricks, stones | Can be used after installing cl and grease traps 
parking lots and other fitration devices 
Unpaved surtaces 
LLauns, parks, gardens | Sol, grass or vegetation Substantial amor of water ean be recovered 
| from large open spaces 
Peygounds, courtyards Hard packed sot Wate colecton efficiency wil be more than or 
vegetation covered surfaces 


| Source: Cents larSeenes and Envvonment (CSE) New Deh 


Unpaved area catchments: Unpaved areas found in gardens, lawns and playgrounds perinit 
more infiltration and less run-off Those contain more impurities and silt. Wator from unpaved 
areas is mainly used for groundwater recharge, 


CONVEYANCE SYSTEMS 

Conveyance or condult systems direct water flow from the catchment area to the storage ares. 
A carefully designed and constructed conveyance system can divert more than 90 per cent ofall 
the wator that falls on to the roof, 


Flat roof conveyance: Flat roots have rain outlets from which pipes lead out to stormwater 
drains and sewers, or simply terminate at the ground level (seo Figure 2.3: Roof outlet). The 


Figure 2.3: Root outiet 
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downtake pipes can be connected to rainwater storage cisterns or to recharge systems. 
downiako pipes ean be concoaled or aitached to the walls of buildings. These pipes are made of 
‘mild steal (MS) sheets, polyvinyl chloride (PVC), bamboo or other suitable materiel. In buildings 
where the downtake pipes are concealed and lead directly w the stormwater drain, fresh 
comveyance systeas will have to be built to carry the water 


izing: The diameter of the downtake pipe will be directly proportionate to the roof area and 
inversely proportionate 10 the rainfall intensity. As a thumb rule, for a roof area of 
approximately 40 sq.m where the rainfall intensity is 100 mnvhour, the diameter of the 
downtake pipe will be 100 mm. 


Sloping roof conveyance system: In the case of sloping roots, gutters built under the eaves of 
the roof carry the run-off (see Figure 2.4: Hareesting rain from a sloping roof). Downtake pipos 
are attachod to the guiters 


which run all along the edge of the roof, can be semi-circular or rectangular end made 
from a variety of materials ranging from bamboo, cement or wood to GI sheets. While organic 
jal like bamboo are initially cheapor, they wil cost more to maintain, 


Ganttors need to be supported with brackets so that they do not sag or fall off their hinges when 
Jonded with water, For large sloping roofs, a splast-guard could be useful. 1tis a long sheet of 

netal, bent at an angle and nailed to the roof in such a way that the Lowor half of tho sheet fits 
directly into the gutter. This way water does not overshoot the gutter, 


Sizing: Gutters should be sized w direct the Now during the highest intensity rain without Loss 
lof water. As a thumb rule, there should be 1 sq em of gutter cross-section for every 1 sq m of 
roof area.’ For large roo such as in schools, a gutter cross-section of 98 sq em is recommondad 
for a roof aron of about 400 sqm. A gutter gradient of 1:100 will ensure that water is 
transported without overflow losses, splash or spillage with less chanics of guiter blockage from 
eaves and other debris* 


Figure 2.4: Harvesting rain from a sloping root 


FILTER SYSTEMS 


Rainwater is often contaminated with dust, leaves and twigs, bacteria, particulates and 
lisolved gases, It is necessary to install Giliers hoth for storage and recharge systems. There are 
several ways of Gitering contaminants. Thoro aro simplo systems that keep out leaves and debcis 
and remove the first flush of rainwater More complex systems filter cut bacteriological and 
other dissolved contarainants. 


[See Chapter 8, Section 2 for details on filters and first flush devices.) 


STORAGE STRUCTURES 


STvINaWvaNnd 3H! Ped 


Storage tanks aro available in diverse materials ranging frum cast irom shoots and PVC to REC 
structures. Storage tanks can also he made of ferrorement, an inexpensive material, ossontially 
thin cement mortar reinforced with wire mesh. Overground tanks are loss expensive than 
lorground tanks, as excavailon and cosis of stronger reinforcing can be avoided. 
Ono can also have more than one storage tank, dependiai on the site conditions, This also 
pakes it easier for maintenance and reps 
shut down for maintenance, 


6 a8 somo tanks can bo used while the others are 


Chapter 6, Section 


or ways uf using storage structres for rainwater harvesting.) 


Ferrocement is an inexpensive material to make water storage 


RECHARGE STRUCTURES: 


In urban situations space isa constraint when makl 


ge arrangements, In India, the rainy 
season is vory short and this is anothor factor that docs not support storing large quantities of 
harvested rainwater. Therefore, recharging the aquifer is a batter way of harvesting rainwater, 
‘especially since water tables have heen declining, 

Nainwater may be charged (nto the aquifers through recharge ptts, recharge wetls, recharge 
trenches, and dry dugwelis/borewelle. Asin the case of storage, thore must be a system to filter 
out sediments and other debris, before the water enters the recharge structure. Dosilting, 
chambers serve this purpose, 


(See Chapter 7, Scction 2 for ways of using recharge structures for rainwater harvestlug.) 


STORMWATER DRAINS 


Harvesting water ftom stormwvater drains is receiving more attention in India today since it can 
‘control the annual flooding in cities; at tho samo timo, it ean supplement the rainwater collected 
from rooftops. 

As India roceives ts annual ralnfall within a concentrated span of about tree months, the 
ed in this short period is greater than what can be collected through rooftops. The 
‘run-off from the eity roads, drains, erseks and public spaces, that receive a large amount of 
rainfall, can be channelled into stormwater drains, to recharge groundwater. 

‘Stormwater harvesting schemes are best incorporated within new projects, as the costs are 
substantially lower than reirofiting them into existing systems. Good stormwater management 
‘will play an important part in controlling urban floods during monsoons. It is also a good means 
to dilute pollution af rivers. 


rainfall rece 
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03 
Policy and practice 


Urbanisation and industrialisation have increased water use as well as the generation of 
wastewater. As urban local bodies struggle t meet the growing demand for water, there has 
been a resurgence of interest In rainwater harvesting (WH) in clues, backed by supportive 
policies from municipalities, stato and the central governments. 


FIRST POLICY STEPS 


Almost all statos in India have logislated ty make RWH mandatory in cities; these legislations 
that mostly apply to new buildings. Some city municipalities have moved forward and devised 
penalty clauses and even institutionalised financial incentives and disincentives to induce people 
lw take up rainwater harvesting. Although their effectiveness depends on strict enforcement, 
such measures havo sorved to catalyse water conservation effarts on a wider scale, 

At least 4 number of important city municipalities have sot up KWH cells to provide 
information and technical advice. In almost all major cities, non-governmental organisations 
(NGOs), schools and othr Institutions have taken up WH on a large seale, 

Financial assistance for RWH projects has also heen forthcoming from the central 
government. Funds under the Jawaharlal Nehru National Urban Renewal Mission JNNURM) 
are available to urban local bodies for: 

+ construction and tmprovement of draing/stormwater drains, 

+ proservation of water bodies, 

# revision of bylaws that make RWH mandatory in all buildings and adoption of water 
conservation measures, 

+ institution of bye-laws for reuse of recycled water. 


CHENNAI SHOWED THE WAY 


Chennal, in Tamil Nadu, was one of the earliest cities to take up KWH on a large-scale, After the 
severe drought of 1992-93, Chennai Metro Water worked out a ‘Statutory understanding’ with 
the Chennai Metropolitan Development Authority (CMDA) and Chennai Corporation that 
planning permission applications for buildings of “ground +3 floors’ and above would be 
accepted only if they Included a plan for RWH systems," 

Despite this directive, buildings continued to be constructed without KWH installations, When 
the next big water crisis camo upon the city in 2001-02, the gavernment amended the ‘Chennai 
Metropolitan Area Groundwater (Regulation) Act, 1987" ~ that cavers the whole eity of Chennai 
and 243 revenue villages around it - to make RWH compulsory for all buildings. old and now. 

‘To enforce this rule, the Tamil Nadu Municipal Laws Ordinanee was passed in July 2003, 
under which all buildings would have to install RWI systems, Where tho rules were 
disregarded. the municipality could install ic, and recover the cost from the building's ownor, 
Under powers vested by the ordinance, municipal water supply could also be disconnected. 

The ‘Tamil Nadu District Muntelpalides Building ules, 1972, was also amended 10 include 
tho provisions of this ordinance, and made applicable to the eutire state by making suitable 
changes to the municipal rules of other cities in the stata, Rural areas wer brought within its 
ambit by inserting similar changes to the Tamil Nadu Panchayat Building Rules, 1997. The 
ensuing regulatory environment induced builders to incorporate RWH systems in their building 
plans (see Case study: Skantiniketan Residential Enclave, Madurai) 


CASE STUDY 


'SHANTINIKETAN RESIDENTIAL ENCLAVE, MADURAL 
The rainwater harvesting system was set up to meet the regulatory requirement of the Tamil 
Nadu government, which made it mandatory for all buildings 


‘This apartment complex. situated very close to the river Vaigai is spread over 6.5 acres (2.6 
hectares) with 340 apartments. The builders did not anticipate any water problems in this 
aroa due to the proximity of the river and construction of the complex started in 2000. In 
2002, in the backdrop of the water crisis in Chennai and legal changes in Tamil Nadu, 
rainwater harvesting systems were added to the blocks that had been completed. 

sd roof area of throo apartment blocks is about 6,503 sq m. Rainwater from 
the roofs of each bullding is directed to three separate recharge wells. 


The com! 


‘or more information, contact: 
Parmesh 

Site in-charge, site office 

‘Shanti Niketan Residential Enclave 
Phone: (0) 9843326583, 


System details 
Total rooftop area of the three blocks: 6,503 sam 
Rainwater potentiat 748.9 x 6,503 x 0.8 = 44.53 lakh tres 
Dimensions ofthe pit: 3.5 ma25mx2m 

Costin 2002: Re 180,000 

‘Year of implementation: 2002 


Designed by VR Ramnath, architect, Ashok Nagar, Madurai 625 036 
Phone: (0452) 238-0471 
Email sashwath@catyar.net.in 


‘The CMDA has also provided detailed guidelines and specifications on rainwater collection 
‘or buildings as part of the Development Regulations of the Second Master Plan of the Chennai 


Motropolitan Aroa, 2026.2 
Chennat Metra Water has constituted a 


Tete 2: Rain haveing sects, hema 
deateaiod ratnwater harvesting call, which Nosy rale trast otters poe 
conducis awareness campaigns and provides | yy55 ot copstrveton = 
fre tachalateitance wo cosas, and brings | VP™ temas = 
io their otee cxsetoctve sluions. Moro | Eee omedbatgs 1348 
‘Water has created several RWH models with ‘Fly-overs and bridges a3 
iettod desig ant tess have een published | Opeioiegareas BE 
Inbrovhuros end booklets and are dsrbuted vo | - - 
the public. A number of seminars, workshops | Red marains ae 
and exhibitions have been organised involving ‘Sreats | 2698 
‘avis governimen agentes, NGOs and private | Pos Sa eraee 
indvdale to bud avmrences 7 ek aE TERETE 

A household survey conducted by cse | MUM = 
reveled tha 92 percent ofthe ys houseotas | Feseneemess’ 39958 
had implemented RWH. Among them, 86 per aa - 


cent were installed ater the promulgation of the 
ordinance in August 2003, with only five per cent 
before 2002. 

‘The Corporation of Chonnal has constructed 
WHT structures as listed in Table 3.1, 


LEGISLATIVE NORMS 


np dna chendicerporaton govnuparensstor 


moat drnvinsoducion hn 2 awed x Noverber 


Some important facts on the regulatory norms for KWH from a few cities in India are given here. 


CHENNAI, TAMIL NADU 


‘What you need to know 


+ RWI structures are compulsory for all iypes of new and existing buildings: private, group- 
housing, multi-storeyod, government, quasi-government of all sizes. 

* Building plans will not be approved if RWH is not incorporated in the plans, 

* On inspection, if KWH structures are found missing. the municipal authority will construct 
the system and recover costs from owner/occupler of the building, 

‘+ Water and sewage connections in new buildings will not be given if KWH is not incorporated, 

‘© Whon there is no RWH system, it ean lasd to disconnoetion of water supply. 


‘© Applicable to either the owner or occupinr. 


‘Who can help you? 


Chennai Motro Water and the Tamil Nadu Water Supply and Drainage (TWAD) Board have 
constituted separate RWH cells equipped to guide citizens on all aspects of rainwater harvosting. 
‘There is detalled information on legislations, techniques and successful KWH projects on their 
‘websites. These organisations also undertake awareness and motivational campaigns, 


Contact details: 

‘+ RWH Coll, TWAD Board 1, Kamarajar Salai, Chennai - 600 005, 
ttpy/Awadboard gov.initwadindex aspx 

* Senior hydro-geologist, RWH Cell, Chennai Matro Water. 
‘No, 1, Pumping Station Road, Chintadripet, Chennai — 600 002. 
Ihttpy/www.chennsimetrowater-tn.nic.in/ 


Technical designs and specifications can be found at: 
http:/vwwchennaimetrowater.com/departmontsirainwaterhim 
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BENGALURU, KARNATAKA 


What you nued to know 

= Rainwater harvesting structures are compulsory for all buildings with a plinth area 
exceeding 100 sq m and site measuring not less than 200 sq 1m. They should have one or 
‘more RWI structures. 

+ Failure to provide for RWI attracts & penalty of Rs 1,000 per annum for every 100 sqm of 

built-up area, 

Building plans will not be approved if RWII is not incorporated in plans. 

Incentive of 2 per cent on property tax for five years beginning 2011 

‘Applicable to the area undor the Bruhat Bengaluru Mahanagara Palike 

Deadline for RWI structures was fixed for December 31, 2011, after which the water supply 

‘was to be disconnected, 

+ The Karnataka government also announced # 20 per cent rebate on property tax for those 
‘constructing systems in rural aroas, 


‘Who can help you 

‘The Bangalore Water Secvices and Sewerage Board (BWSSB) has a help desie and sends its 
technical staif to assist citizens to Implement the systems. They also undertake a number of 
‘awareness programmes in schools, colleges and other institutions 


Contact devatts: 

+ Public Relations Officer, BWSSB. 
‘1st & 2nd floor, Cauvery Bhavan, K C Road, Bengaluru -560 009. 
EWSSB holp desk numbers - (080) 233-41652, 233-48848, 233-48849 
LBWSSB website has a detailed FAQ regarding laws, rules, and who can help, 
upy/www-bwssb org/rainwater_harvesting html 

+ Karnataka State Council of Seienco and Technology 
Indian Institute of Science, Bengaluru ~ 560 012 
http //esest org.invewh. html 


HYDERABAD, ANDHRA PRADESH 


What you need to know 

+ Rainwater harvesting structures are compulsory for all new buildings: private, group- 
housing, multi-storeyed, government, quasi-government of all sizes. 

+ Building plans will not be approvod if RWH is not incorporated in thase plans, 

+ RWH structures shall be provided within the sethack® as prescribed for all plots of 200 sq m 
and abuve as per rules for percolation pits, tronches, rooftop water collection aad storage 
and fltars. 

+ Atleast 10 per cent. of additional property lax every year will be imposed as penalty by the 
sanctioning authority Ull the regulatory conditions are fulfilled 

+ On inspection, if RWII has not been provided for, the municipal authority will construct the 
systom and recover costs from the owner or accupier, Water supply ean also be disconnected. 

+ Arebate af 10 per cent in property tax will be given to those who undertake both KWH ané 
wastewater recycling. 

‘+ Financial assistance can be obtained (see Box: Personal loans for rainwater harvesting). 


Contact details: 

+ [WH Cell, Hyderabad Metropolitan Water Supply and Sewerage Bosrd, 
‘Rhairatabad, Hyderabed ~ 500 004, 
htip/vww-hyderabadwater.govin/ywo/UV/rainwaterhurvesting aspx 


Personal loans for rainwater harvesting ] 


‘The State Bank of Hyderabad provides personal loans of upto Re 25,000 for constructing rainwater 
harvesting structures under the Varun Mitra scheme which is available for individual home owners, 
buliding societies, apartment complexes, co-operative housing societies, as well as houses under 
onstruction, The loan is treated similar to @ housing loan and is repayable over a 36-month period 
starting a month after financing. For new home oviners, the amount is clubbed with the home 
Joan. No margin is required and no processing fos is charged.) 


MUMBAI, MAHARASHTRA 


‘What you need to know 

+ Rainwater harvesting structures are compulsory for all types of new buildings ~ private, 
‘group housing, multi-storeyed, government, quasi-government - on plot size of 300 sqm and 
above. Specifications for structures have also been notified, 

* Building plans will not bo approved if rainwater harvesting is not incorporated in plans. 

+ Rs 1,000 will be levied for every 100 sq im plot where RWH has not been undertakens 

+ 1» 2008, the Brihanmumbai Muntelpal Corporation (BMC) also notified that the municipality 
would only supply 90 litres per capita daily (ped), which meant that there wouldn't be 
enough supply for fushing or gardening purposes. The aie af this move was to force people 
to undertake rainwater harvesting or recycling of wastewater for flushing or gardening, 


Who ean help you 

| The BMC’s rainwater harvesting (RWH) and wator conservation cell provides technical help. 
More than 25 model projects have been undertaken by the municipality. The coll also 
undertakes awareness campaigns. 


Contact details: 

* RWI and Water Conservation Cell, Municipal Corporation of Greater Mumbai 
Municipal Head Office Annexe, 3rd Floor, Mahapalika Marg, Mumbai ~ 400 001, 
|hutpz/Avww.mogm.gov.in; E-mail: aerwhbme®yshoo.co.in 


BHOPAL AND INDORE, MADHYA PRADESH 


Wha om ned to non 

“'tanwaler barvstng srstres aro compiler fr all new bats: prt, up 
housing mutter, gpvermmen. abastaornmen: on lt sin of 140 sm and above, 

+ building plans wil sot he approved iC FWH interpre in plas 

+ Arsbat of or en on propor tno he yearn which he tos nas als avalae 
in Indore and Bhopal, 

+ The Bhopal Urban Develorent Autor’ 
setiiceton Sp. 2563192009 vateo TAOS2 Scr donde 
Ortobor 27, 209 mandate that forall new Mbt a oto om asin 
buildings ef more than 140 ym pot ste, |e ee 
Dulles mut depos funds for seotop | = 


Between 140 anc 200 sqm | RS 7000 
vwator harvesting (ser Table 3.2: Security WON TES ee 
deposit). On the complotion of tho building, Seen 200 and 300 sam | RS 10,000 
together with the rooftop harvesting Setween300 and 400 sqm | Rs12000 | 
structure, the deposit will be refunded paren ra REO 


* The Madhya Pradesh government 13S | eye tain nO) AO O77 


instituted specifications and guidelines for 3porsjuton Seueoonant wuscrw 
building RWI systems for difforent types of 
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Specifications for rainwater harvesting 
Under Annexure N of Madhya Pradesh Bhum Vikas Rules, 1984, Rule 78 (a) 


‘Appendix N-1: Rainwater harvesting through percolation pits (individual house) 
“Dig 2 number of 3 m deep and 30 cm dia percolation pits of 3 m intervals around the plinth fil 
‘them up with broken bricks and pace the top 15 cm with river sand. Erect 7.5 cm high dwarf walls 
‘entrance to facilitate recharge.” 


Append N-2: Rainwater harvesting through pebble bed (building complexes) 

“On the three sides along the inner periphery adjoining the compound wall, cig 11m wide pit toa 
depth of 1.5m and fil it with 5-7.5 cm sized pebbles, Let the rainwater falling on the terrace flow 
into this pebble bed." 


‘Appanddi N-3: Rainwater harvesting through service-cum-techarge well 
"Provide well of 1.2 m dia for a depth of 10.0 m and divert the rainwater from the terrace into the 
‘ell through rainwater downtake pipes. Divert the rainwater falling around the open space 
surrounding the building to the frontage wherein a gutter | provided for a depth of 1.0m anda 
‘width of 0.6 m with perforated slabs, The rainwater collected in the gutter in front of the entrance 
is discharged into another recharge well of 1.2 m dia for a 10.0 m depth, provided through 
necessary piping arrangements.”” 


Iuildings (soe Box: Specifications for rainwater harvesting). 

+ Though Chennai is symbolic of Jargn-scalo urban rainwator harvesting systems. the town of 
DDewas near Indore in the parched Malwa rogion of Madhya Pradesh has been a centre for 
FWH innovations such as the low-cost ‘Dewas fer” (ee Box: Water scarcity induces 
innovation) 


Contact details: 
= Bhopal 
Officer-in-charge 
ity Planning Department 
Bullding Permission Seciton 
Bhopal Municipal Corporation 
6 No Bus Stop, Shivaji Nagar 
Bhopal - 462 016 
‘httgvtworw.bhopalmuntclpal.comy 


‘To hiro contractors authorised to construct RWH systems by the Bhopal Municipal 
Corporation, please look at, 
!hupy/wwwbhopalmunicipal.com/itindiversion/tain’ZoWaver.htm 


+ Indore 
City engineer's office 
WH Cell 
Indore Municipal Corporation 
Palika Plaza, MTH Compound 
Indore 
|nitpufwervrimeindore.orgindex.isp 


Water scarcity induces innovation 
The story of Dewas and ts iter’ 


Dewas sits on the Malwa plateau and the clayey soil allows for little recharge of rainwater. 
Unregulated expioitation of groundwater for irigation, industrial and domestic use had resulted in 
the water table going down to 250 m. In summer water had to be brought to the city in trains 

‘Toaddress the problem, the Ahoojai Samvardhan Mission, Dewas was launched in 1999 with the 
sctive participation of the citizens, Tubewell drilling was banned and rainwater harvesting wat 
made mandatory for all houses using tubewells, 

‘The citizens contributed labour and money for rainwater harvesting projects. A number of 
rooftop water harvesting systems wore constructed, pends and percolation pits dug, and the 
‘exsting ponds and wells deepened. 

‘With help from the Central Ground Water Board, the district engineers developed a low-cost 
filter and used it to filter rooftop harvested water to recharge dry wells, More than 1,090 such 
filters were cistributed to citizens. Thess fiters were subsequently called the ‘Dewes filter. To 
recharge deep aguifers, the administration also developed other techniques and structures such at 
sub-surface dams and boulder dams.’ 


DELHI 


What you aced to know 
‘+ RWI structures are compulsory for all new buildings: private residences, group-housing, 
multi-storeyed, government, quasi-government buildings on plot size of 100 sqm and above, 

* Building plans will not be approved if RWH is not incorporated in plans. 

+ Water and sewage connecitons will not be given if KWH systems are not constructed, 

* Delhi Jal Board (DIB) provides @ grant of Rs 100,000 ur 50 per cent of the cost of 
constructing RWH schemes to resident welfare associations (RWAs), cooperative group 
housing societies, schools, colleges, hospitals and other institutions. Those who avail of this 
grant will have to sign contract for maintenance of the system and submit « half yearly 
report on the same, Non-compliance will atiract a penalty. 

‘+ The New Delhi Municipal Council (NDMC) has been giving a rebate on property tax frum the 
‘nancial year 2008-09, applicable for the next four years. Under this scheme, the NDMC will 
provide a rebate of 10 per cent of the property tax on 20 per cent of the cost of installing an 
RWH system, whichever is lower. This is valid for those who have constructed a RWH system. 

‘+ RWH schemes can be taken up with funds availablo with area MLAs, and the ‘My Delhi-l 
Care Fund’ made available to the deputy commissioner (revenue) by tho Delhi government, 

‘+ Tooncourage RWH, the Delhi Jal Board instituted the Chief Minister's Best Rain Harvesters’ 
Award in 2006, First and second prizes are given for institutional (Ks 2 lakh, 1 lakh) and. 
individual (Rs 1 lakh and Rs 50,000) categories together with a plague and citation. The frst 
sot of awards was given away by the chiaf minister in 2007. 


[Whe can hp you 
* Delhi Jal Board has a rainwater harvesting (RWI) coll 
For drawings and technical details: 
‘+ hitpsfwww.delhi.gov.in/wps/wem/connecvDOFT_DJBdjt/homevrainéwatersharvesting” 
For details of DIE grant for RWI constructions, please look at: 

| = http:/wrw.dethi gox.inwps/wem/connectidoit_djb/DJB/ome/Rainy Water ilarvesting/ 
For FAQs: 
+ htip/delh gov.in/wps/wen/eonneci/dott_djb/DJB/Home/KainsWatersHarvesting 
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POLICY RECOMMENDATIONS 


‘While city municipalities have taken path-breaking measures, citizens and government have to 
bo encouraged to take ownership of the RWH process, making it “everybody's business” 
Logislation by itself will not translate inta ground-level action, unless accompanied by effective 
pricing incentives and disincentives. Thus far, the incentives for undertaking WH have been 
meagre and also Hed up in red tape, which deters common citizens from making tho offort to 
tako advantage of thom. At the same time, municipal water is supplied at extremely low cost, 
‘There is no motiviation for citizens to take up RWH or recycle their wastewater. They continue 
to use water wastefully. Not a single city has any rule or a disincentive that will discourage 
wasteful use of water 


Recommended policy measures: 

« Promulgate a law Lo prevent further encroachment or conversion of water bodies into land; 

Bring in legal measures to protect catchments for drinking water and rivers; 

= Degraded lakes neod to bo rogenerated on a priority basis; 

© Coste of sourcing, conveyance, treatment and collection and treatment of wastewater should 
be incorporated in the price of water supplied; 

‘© Sewage could be recycled and roused for horticulture or industrial purposes, 

+ Laws or financial disincentives nced to be put in place to discourage wastage of water; 

Focus on implementing RWH in all public buildings, large public areas such as parks; 

«Capture stormwater for recharge or troatment and storage. 
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How to plan and design 
an RWH system 


Historians have described india as a ‘hydraulic’ 
civilisation, one that was well versed in making use of 
its water endowment effectively and efficiently. Even a 
thousand years ago, India’s urban settlements ensured 
@ sustainable weter supply from rivers, tanks or lakes, 
In modern India, if every city were to ensure that every 
drop of rain that fell on it would be captured, stored or 
recharged to the aquifer, cities will not need to take 
water from far-off sources. 

There ate diverse ways in which rainwater can be 
captured in cities, from micro-catchments of rooftops to 
macro-catchments of urban lakes. Rooftop water 
harvesting provides an affordable means of accessing 
good quality water at the point of consumption. 
Households can capture water falling on their roofs to 
supplement existing water supply and reduce their 
dependence on municipal supply. 

Municipalities can take responsibility to revive or 
develop large water bodies to capture rainwater and 
recharge groundwater — this will also serve to regulate 
floods. Run-off from roads and other public spaces can 
be collected to recharge the aquifer. 

The following pages show how every urban citizen 
can capture the rainwater endowment. They take you 
step by step, from planning to building the system and 
maintaining the structure. They tell you how the type 
and size of the RWH structure is determined by 
precipitation, catchment area, physical topography, 
nature of aquifer and soil, They show how simple 
rainwater harvesting systems can be built at very low 
costs to yield good results. 
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How to plan and design 
an RWH system 


Historians have described India as a ‘hydraulic 
Ewilisation, one that was well versed in making use of 
its water endowment effectively and efficiently, Even a 
thousand years ago, India’s urban settlements ensured 
a sustainable water supply from rivers, tanks or lakes. 
Inmodern India, if every city were to ensure that every 
{drop of rain that fell on it would be captured, stored o 
fecharged to the aquifer, cities will not need to take 
Water from far-off sources. 

There are diverse ways in which rainwater can be 
Captured in cities, from micro-catchments of rooftops to 
Macro-catchments of urban lakes. Rooftop water 
harvesting provides an affordable means of accessing 
00d quality water at the point of consum 
Households can capture water falling on their roofs to 
Supplement existing water supply and reduce their 
dependence on municipal supply. 

Municipalities can take responsibility to revive or 
develop large water bodies to capture rainwater and 
fecharge groundwater — this will also serve to regulate 
floods. Run-off from roads and other public spaces can 
be collected to recharge the aquifer. 

The following pages show how every urban citizen 
fan capture the rainwater endowment. They take you 
step by step, from planning to building the system and 
Maintaining the structure. They tell you how the type 
and size of the RWH structure is determined by 
Precipitation, catchment area, physical topography, 
Mature of aquifer and soil. They show how simple 
Tainwater harvesting systems can be built at very low 
(sts to yield good results 
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@ To ensure a cost-effective rainwater harvesting (RWH) 
‘system, a plan has to be put in place which would incorporate 
collection of information, a study of the site plan, estimation 
of the water harvesting potential and allocation of funds 


© Users are motivated to invest in RWH when they save on 
costs, and especially when there is no municipal supply 


© Correct estimation of size of storage tanks is important as it 
is the most expensive part of the system. Sizing can be 
determined based on demand or availability of rainwater 


@ Storage tanks can be placed both overground and 
underground and made of various material comprising cast- 
iron sheets and poly-vinyl chloride 


@ In 2999, CSE built 2 simple RWH system, consisting of 
recharge pits with bores, a trench, a recharge well converted 
from an old storage tank and a defunct borewell used to 
recharge water from roof areas 


© Anumber of in-built filter mechanisms within an RWH system 
ensure clean rainwater: an example Is the first flush which 
allows the first spell of rain with dissolved impurities to flow 
away 


@ Water from a clean roof catchment is nearly of potable 
standard. Keeping the roof clean is the most cost-effective 
way of collecting quality rainwater 


rainwater can be further purified by boiling, 
cholorination, direct solar radiation and ultra-violet rays 
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Planning and designing 


have some basic quostions that you neod to clarify before understanding a rainwater 
harvesting system. Finding answers at the planning stage is vital - it will ensure that the structure 
{s offective, economical and sustainable. (ne of the first facts to judge — how much water is 
‘available for harvesting? Is the rainwater to be collected fur dirvet use? Or, ts tt to be recharged 
Into the acyuifoe? 

If you are to store water. you would need to plan the numbors, capacity of storage 
structures, the kind of material to be used, and the site. When recharging groundwater, you 
will need to know the number and type pf recharge structures to be built, the correct siting and 
Gnally, the ways to onsure water quality, whother through filtration of any other means. 

Above all, you need to know whether tho structures are cost-effoctive, and whether you ean 
afford the eost of construction, 


The planning and dosigning of an RWH sysiom is a step-by-step process. A checklist: 

* Step 1: Collection of information on the catchment, rainfall, physiography, soil and rock, 
aquifer, water demand, objectives and uses, laws and ince 

+ Step 2: Studying the site plan to understand the slope, the lo 
available and other details. 

* Step 2: Estimating the amount of wator that can be collected |water harvesti 
‘matching this with the water demand 

+ Step 4: Deciding the number, type, capacity and location of structures ~ whether to harvest 
water for direct use from: storage containers of w recharge the aquifer 

Step 5: Allocating funds ~ the budget is ono of the most important deter 
harvesting work, 


ion of the catehments, space 


§ potential) and 


nants of rainwater 


COLLECTION OF INFORMATION 
CATCHMENTS: TYPES, AREA AND LOCATION 


From tho site plan or from actual measurements, find out 
‘= Types of catchments ~ roof or paved, unpaved. 

* Number of catchments, 

+ Dimensions of catchments. 

+ Location of catchments, 


When calculating the catchment ares 

+ Note down area of each catchment from site plan. 

+ Inthe absones of a site plan, measure each area and create a site plan that provides details 
of catchments with the dimensions 

UArea of catchment (C) ~ length ()) x broadth (b)] 

* Hegarcless of the shape of the roof, the catchment area would be the area equivalent to the 
area under the rooftop. Ifthe total available roof area comprises of more than ane roof, then 
the dimensions of each roaf can be noted down and added to arrive at the total area (see 
Figure 4.1: Calenlation of the roajtop area), 


Figure 4.1: Calculation ofthe rooftop area 


(length =I: breadth = b): 1x b = area 


«For irregular dimensions of ground level catchments such as a winding driveway. bresk it 
into measurable shapes such as rectangles or triangles and measure. 


COLLECTION EFFICIENCY AND RUN-OFF COEFFICIENT 


Collection efficiency: Not all the rain that falls on the catchments fs available for rainwater 
Rarvesting. Some of the water thet falls on catchments may be Tost because of evaporation, 
seepage into the ground, absorption by roof materials, impropor fittings, leakages from pipos 
and guiters and clogging in various paris of the system. These factors and the effective 
‘caichment area largely influence the collection efliciency. 


Run-off coefficient: This is the ratio of the volume of Water that runs off a surface to the volume 
of rainfall shat falls om the surface. More water runs off smooth and impervious surfaces such 
as mofs or paved areas than soils and unpaved areas. Different catchment materials absorb 
‘water to differing extents. 


(Sve Annexure 1 for information on run-off coefficionts of different types of catchment) 
RAINFALL 


‘There arp four kinds of information on rainfall that you need to gathor: 

+ Annual average rainfall gives an overall pietury of the total amount of water that can be 
collected, 

+ The paitern of rainfall over different months indicates when rainfall fy available ~ whether 
most of the year or only during a certain part of the your. 

+ The number of rainy days indicates whether itis better to store rainwater or to recharge it. 
If most of the rain falls only for a short span of time, then it is better to recharge the aquifer. 

+ The peak rainfall intensity determines the size of the storage or recharge structure. The size 
is calculated on the basis of the amount of water needed to bo stored or recharged during 
‘tho most intonso spell of rain, which can range from fiftoon to thirty minutes. Recharge 
structures will have to be designed in such » way that they will be able to deliver the peak 
intensity rainfall to the aquifer or store it temporarily during such intense spells 


See Annozure 1 Jor annual average rainfall, number of rainy days and rainfall intensities). 


Where to get rainfall data 

‘© The local meteorological station; the website of the Indian Meteorological Organisation. 
[https | /weww.imd.gov.in/dac/climateimp.pdf (for climatological data of impertant cities). 

‘+The revenue department which compilas such information at district level. Some cites have put up. 
city-level rainfall data on their website. | 


GEOLOGICAL AND HYDRO-GEOLOGICAL DATA 04 


For systems where the harvested rainwater is used to recharge the aquifer, selection of the 

correct site is important, Information must be collected before locating the site 

* Soil: Will the soil typo allow water to percolate easily? For an answer to this, you have 10 
know the soil type ~ whether itis sand, gravel, silt, loam or clay: 

‘+ Rock: Note down the type of rock ~ massive, [ractured, fissured, weathered oF sedimentary. 

+ Physiography: Note whether the area is hilly, plains, coastal or desert. 

‘+ Aquifer: Find cut depth of water level, thickness and nature of aquifer—confined, unconfined 
(see Annexure 3 for definitions) 


| Selecting the right site: storage and recharge in Bhopal’s Deccan trap 


‘Ascan be seen from the geological cross-section, there are twa tyses of rock formations (i) Deccan 
‘wap basalt with fractures, (i) sedimentary Vindhyan sandstone. In areas underlain with massive rack 
and clayey soil, recharge is not en option. Recharge can be effective where there are fractures. in 
‘the sedimentary portions, both storage and recharge can be done. 
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‘The aquifer must lie at least $10 motres below ground level (a bg), never at a shallow 
epth, It should be unconfined ~ exposed and recharged direetly from the surface, It must also 
have good hydraulic conductivity as well as transmissivity so that when water is recharged 
quickly, it spreads horizontally to prevent a water mound forming below the surface. 

Recharge is more effective when the saturated zone — where all available spaces are filled 
with water ~ has substantial depth, 


| ow to get geological data ] 
+ Inquire withthe oct people, cortact he lca ing agencies. 
+ Gather ath logs (borehole stata cart ofthe existing tubewell on the ste to identity ype ol 
and thickness of soap, 
+ Uteature survey reports ofinigation department, central/stte groundwater boas, Geological 
Survey of nia, Sol Survay of nda. 


WATER DEMAND 


‘The size of the RWH structure is determined by two factors — how much water is needed and 

how much is available, The following factors may bo considored: 

+ The total water currently used: This indicates the total water demand and the portion of the 
total water needs that can be met from rainwater harvesting. 

© The per captia water demand: In case you cannot find out the exact amount of water used, 
‘you can find out the aumber of persons accessing the water and multiply this with the por 
capita norm for water supply to arrive at the totsl water demand. This would be the mathod 
used for urban water supply planning purposes. 

© The water demand during the driest period: This Is an ostlmate of the essential quantum of 
water needs during the driest period so that plans can be made for watar harvesting to meot 
this minimum need, 


‘So, how to get information on water demand? 

+ Monitor usage of water fiom the overheod water tank: Eg. Ifthe tank has a capacity of 2,000 litres 
‘end this sled up once 2 day, then the annual water demand is 365,000 litres of water. 

+ Municipal water supply bils can provide an estimate of total water supplied. 

‘© Estimate the omount of water pumped from a borewell It you know the yield of the borewell and 
measure the number of haurs of pumping, it wil give you the total water pumped out. 

+ Finding out the numbera[times water is purchased from tankersand the quantum of water supplied. 

+ Undertake a water audit end measure the amount of use through diferent fixtures. 


OBJECTIVES AND USES 


IL is important to know for yourself how you want to use the rainwater. Once you know that. you 
will know the level at which the water should be treated. Different uses will require different 
levels of water quality. So, you nved to examine the pattern of water use, and its source of supply 
For instance, find out the source of supply for drinking and cooking, gardening and any ather 
purposes. Then you need to determine which portion of this you want to replace with rainwater, 
You may want to use harvested rainwater to supplement your municipal supply and therefore 
use it fbr gardening or follet flushing. Or you may want 0 use it as the sole source of water 
supply. In this case, adequate ireatment capacities must be put in placo to romovo biological, 
physical and chomical impurities. If there is no municipal water supply and you are purchasing 
watar from tankers, then the objective may be to recharge the aquifer or store the water so that 
you can reduce your dependence on tanker supply and bring down the water bil, 


LEGISLATION AND INCENTIVES 


Many state governments and city municipalities have passed laws that make it mandatory for 
‘existing of new buildings to have RWH systems. You must be abreast of these lows in order to 
make sure that you aro compliant on all counts. Thoro are also many incentives for people who 
lake up rainwater harvesting and you could find out if they are applicable in your city. 


(See Chapter 3, Section 1, for more details ow legislation amt incentives) 


STUDYING THE SITE AND THE ROOFTOP PLAN 


‘To begin with, you noed to have a detailed map of tho site and the rooftop, 

+ Astudy of tho site plan will indicate the space available for water harvesting structures. This 
will determine the size and location of the structures. 

‘© Noto the number and location of existing rainwater pipes, oullets/spouts In the building. 

= Identify if there are any defunct or existing borewells, a swimming pool or water storage 


‘Figure 4.2 (o): ie plan (after RVIH) 


tanks that can be used for storing the haevasted wator. Mark all the open spaces in the colony 
{rom whore water can be harvested as well as stored, 

+ Determine the natural drainage, slope and locaiton of stormwator drains. ‘This will help 
Tnying out the conveyance pipes along the natural drainage patterns, This is particularly 
important while planning for a large complex ur colony: 

‘+ Mark the location of plumbing (water and sewage) and electrical lines on site. Care must be 
‘taken to circumvent the plumbing and electrical lines while constructing the KWH structures. 
In case of @ project in public places it becomes even more lmportant to see that the 
underground sewer, water supply and other such cables and lines arc not inadvertently 
damaged. 

+ Note that space Is set aside for a generator room, compost pit and waste dump. 

+ The WH structures should be as close as possible 10 the source and use of water, 
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WATER HARVESTING POTENTIAL 


‘Asa thumb rule, if you have 10 mm of rainfall over 100 sq m of roof area you will get 1,000 


litres of water (volurne = rainfall x area). However, there 


somp loss due to evaporation or 


absorption by eatchmont surfacos. The actual volume can be aseortained by dotormining the 


run-off coefficient of the catchment which indicates the propor 


ff rainwater that can be 


harvested from the toial rainfall (see Box: How much rainwater can be collected. 


How much rainwater can be collected? 

‘Total volume of water = area x run-off coefficient x rainfall 
‘Area = length x breadth = 20m x 10 m = 2003q m 
Run-off coefficient of roof = 0. 
‘Annual rainfall = 500 mm 

(1) Rainwater harvesting potential = 200 x 0.8 x 500 = 80,000 litres 


(2) Weter demand, family of four, consuming 540 littevday = 540 x365 =197, 100 livevyear 
(8) Water demand, family of four the three driest months = 540 x 80 = 48,600 litres 
(@) Water demand for tilt flushing and gardening (year) at 180 litreséay = 180 365 = 65,700itres 


Ifyou want to arrive at the RWH potential more accurately, you can record daily or weekly 
rainfall data, Once you have an idea of how much water can be harvested, match this against 
your water demand. This way, you can doterming the size of the systom as woll as the Tovel of 


‘water treatment required. taking is 


tn consideration the budget. Ii 


not practical to ment all 


water needs for the entire year from rainwater harvesting, then the water demand for the driest 
period or the period of acule water scarcity can be estimated so as to use rainwater to uillgate 


water scarcity, 


NUMBER, TYPE, CAPACITY AND LOCATION OF STRUCTURES 


Number of structures: 
location of the down-take pipes. the layout of the building, the 
slope uf the roof, the budget and the space available, 


will dopend on sito conditions, whieh include the position and 


oof the storage tank, the 


Type of structures: The decision on whether to make storage of recharge structures depend 
on a mumbor of factors (sve Table 4.1: Hydro-geologicel conditions and type of structure) 


‘Table 4.1: Hydro-geological conditions and type of structure 


Parameter ‘ype/sondton Recommended stucture 
Aare of caer | noes, ropa, onferogreos, hard rock wea] Sage 
Tepe tga] Ue ian Seiad Tcl ma nae 
| ae 
| nanre oheran [iy recy or nassang Eo 
Uno i lal an sedimentary [Recharge and rage 
Aire ofsot Ava sary ‘ary sols re sity wth odes or | Rech and strove 
el eon inte | 
ee ae [sane 
are pamogca | Wass ois Gach me Dic a Tseng 


formation 


Fracture, faite or fided rocks, or comprises | 
Df weathered, joirted or fissured rocks | 


Nature of vanfal | Number of rainy days are more, bimodal monsoon, 
and monsoon ot intensive, uniformly dstrbated 


Ursmmedal monsoon, rial vatate only for a fow months 
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Recharge and storage 


Storage 


Recharge and storage 


ALLOCATING FUNDS 


The budget available for a rainwater harvesting project is ane of the most important 

determinants of the type, size and number of structurns that can be set up. In large proje 

where there is a possibility of budgetary constraints, is Letter to design the project in phases. 

The cost of an RWH system will depend on a number of factors: 

+ Catchments: ‘the cost on storage or recharge structures will depend on type of catchments 
and area, which will determine the amount of water harvested and therefore the size of the 
structures 
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+ Drainage pattern: The cost on the conveyance syswins will depend on the flow direction, 
spreading of rainwater pipes and flow of stormyyater drains, 

+ Retroftingyaew construction; Ketrotiting on existing buildings will cost more than now 
constructions, 

+ Geolagn, hystro-geology and meteorological parameters: Rocharge structures in hard rock 
lerruin will eos more and areas of high intensity rainfall will require larger storage. 

+ Purpose of harvesting: Treatment systems will increase cast and therefore the use of the 
rainwater will determing cust, 

+ Availability of unused tanks: Availability of unused oF dry/abandonod tube wellvopen wells 
will reduce est, 

+ Material used: The vost af the system will 


so depend on the matorials usnd, 


(See Annexure 2 far a form on documenting information) 
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CASE STUDY 


AUTOCOMPS CORPORATION PANSE PYT LTD, MOSH, PURE 
Planning the steps for rainwater harvesting 


A sustainable water management system has beon meticulously planned and Implemented at 
Aulocomps Corporation Pans# PYt LU at Moshi on the outskirts of Pune, a manufacturer of 
automobile press components and assemblies. The planning, designing and construction of the 
rainwator harvesting system was undertaken by Comprehensive Water Management Solutions 
Pvt Ltd, Pune. The architect involved was inspired to branch off into water managemont after 
learning about rainwater harvesting. 

“The factory is nol connected to the municipal supply and groundwater was the only source 
‘of water. Thor are 150 paople working in the factory the year round. The hard rock terrain 
made the availability of groundwater very difficult, The water was sourced from two horewells 
and one of these had gone dry, The factory decided to bulld an RWi sysiem in order tp recharge 
the groundwater and also to store it for use. 


PLANNING AND DESIGNING PROCESS 


Information collection 

‘A detailed planning process was undortakon that included information collection on rainfall, 
goology, soil and water demand (seo Table 4.2: Detailed parameters). 

“Table 4.2: Detaled parameters 

| Total lt area 
rea of roof of sheds (2) 


| Paved and unpaved areas 


| ett coetcient for rooftop 
Rainfall coefficient for unpaved areas 
‘Aeeragsranfal of Pune assumed 


| Hreromecogy of site Bleck ator sal upto Im depth and Fad bari ok 
Tovorrenhy [Spi with cine of 3m ton Soubwest to artheat | 
| Water sires 11 berewall iene 15.00 tres a day 


Source, Conprohenve Water Naragement Selains ure 


A. Water demand was calculated on tho following bas 
No of persons = 500 
No of working days = 300 


‘Hand wash | 10Vpersen/day 5,000 

‘aioe — 2D) 15000 | 
Wao naisTarpacesng | B000Ay | 2.000 

Warns 1.00% 10900 

to | 33000 | 


“Sure: Canpehersive Water Manageen Slo, Pane 


Figure 4,4: She plan 


B. Rainwater harvesting potential 
Water harvesting potential = Catehmont area x annual average rainfall x run-off coefficient 
ooftop: 4.800 x 600 x 0.85 = 2,448,000 litres 
Paved and unpaved areas: 7,000 x 600 x 0. 


2,100,000 litres 
‘Total RWH potential = 4,548,000 litres or 4,548 cu m 


©. Calewlating demand-supply gap 
otal water demand (before rainwater harvesting 33,000 litresday 
Rorewoll yield: 15,000 litres/day 


Gap: (total wator demand — yiold) = (38,000 ~ 15,000 litresiday) ~ 18,000 litresAlay 
[The gap had to be plugged by water tankers as there was no municipal water supply 
“Tao tankers of 10,000 litres capacity = 2x Rs 500 = Rs 1,000/lay 

Far 300 working days ~ Rs 300,000/yeur] 


Flan for RWH 10 eltminate water supply costs 
‘Total demand = 9,900 cu nvyear 

‘Total RWI potontial: 4,548 cu m/year 

‘Total from groundwater: 15,000 litres/tay x 300 days = 4,500 cu myoar 
Potential water availability after RWH: 9.048 cu miyear 


Gap: 9,900.9,048 = 952 cum 
[Gap to be met by using recycled sewage water] 
Water used by 500 persons @ 40 Iped (handwash + sanitation) ~ 500 x 40 x 30 
Sewage generated = 80 per cent of intake = 6,000 x 80 per cent = 4,800 cum 


Gap = 852 cu m: therefore, the demand gap will be mot with the 4,800 cu m of available 
reeyeled water 


‘Tho decisions taken were as follows: 

Rainwater from the roof would be harvested and stored in an underground tank to be used 
only for drinking purposes. 

‘+ Rainwater from paved and unpaved areas would be harvested and recharged to the aquifer. 
‘This will be pumped out and used for toilets, processing and other uses, 

* Water used for toilots and handwashing would be recycled and reused for gardening, 
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Table 4.4: Source and usage chart 


Type of use | Annual | Source Annual Tank capacity Remarks 

| demand | availablity | (cum) 

| (eum) (cum) 
Denking | 309 | Rooftop 1aao | 320 (verfow of tank used for 

| | nanestne (2)mx8mx2m) reckarge torewel n 

| | north-east comer 
Saniaton, | 6,600 | Paved end Harvested | 5,000Htes | Originally ony one berewe 
handaash and | | unpaved area | = 2.100 woud yield 4 500 cu m/ear. 
processing | | water harvesting | Groundwater Gioundwaier level rereasee 

| recharged and | = 4500 | | and both wets have water 

womnaier The working tubewell hes 
| used | dovbled veto 9,000 cu 


| Dry wall yes 3,000 cx m 
Landscaping | 3,000 | Recycled water | 4,800 


Source: Comorehense Wits Managerrt Solitons Pre 


‘Treatment for use 


A. Rooftop harvested water for drinking 
All 20 downtake pipes are oquipped with wator filters and first flush and collectod in 
underground tank. Water for drinking is used after going through RO filer at two drinking 
‘water points’ In the factory. 


B. Groundwater used for handwask and sanitation 
Stormwater used for groundwater recharge is desilied and recharged through filtration 
materials. Groundwater in the location is hard. A softening plant of (25,000 litre capacity) 
‘was installed to soften the water befure use. 


©. Recycled water for landscaping 
A decentralised wastewater treatment plant was installed, where sewage water is treated 
and used for garden irrigadion, 


Designed and implemented by 
Comprehensive Water Management Solutions Pvt Ltd (CWIMS), Pune 411 004, 
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Preparing your budget 


Tho implementation of a rainwater harvesting (RWH) system, be It large or small, for a house or 
‘or a colony. will depend solely on the availability of funds. Therefore, the plan has w be cost- 
efficent, affordable and scalable. ‘The major constitutonts of « RWH system, rain and catchment 
area come froe of cost, being nature's bounty. The availability of existing structures like 
horewells, dugwolls and tanks greaily reduce costs, When the KWH system is incorporated at 
thn construction stage, the costs are lower than when a retrofitment has to be carriod out. The 
use of water als determines the cost - high quality use, such as for drinking purposes will need 
greater investinents In water treatment, 

Preparing an accurate cost estimate for a proposed RWH systern is one of the key factors in 
ensuring implementation in an efficient and cnst-offective manner. A number of factors affect 
the cost of a KWH system (sae Table 5,1: Parameters that affect the cost of a RWH system) 


‘Table 5.1: Parametors that affect the coct of a RWH aystem 


Part of system Parameter How itattects cost 


Entre system | Retro Retrofit wil cost more tan incorporating the system daring 
ction 


Catchment Stee Larger the catchment area. erealer the cost 


Irercomectng pipes | Distance to storage/ | raimnater atts are rt easly accessible to He ovage 
recharge ‘ark of recharge struct, length of ntercennectng ppes 
wilitctease the cost 


Drainage slope the drainage sone i wel directed, water can be trough to 
‘he storage area witout uch efort or cost 
Recharge systems | Geology and terran | Hardrock wil require grater cling for and wil com more 
Unused borevels | Avalabty of dy and unosed bore wells can be used for 
| | and dupwets recharge, saving on costo cing 
| storage systems ‘Unused storage tanks | Wil save on coat of constructing storage fanks 


Fr and teainert | on atria pe far at al | 
fork ana enters reaute nucnster 


THE COST COMPONENTS 


‘The following components of an FWH system has to be budgoted for: 
= Inter-connecting pipes 
+ Gutter 
First flush systems 
+ Filters 
+ Overltead storage tanks (ready-inade} 
+ Overhead storage tanks ~ construction costs 
+ Cost of constructing collection chambers, sedimentation tanks, underground storage tanks, 
recharge wells, trenches or pits 
‘+ Maintenance and repair costs lflter materials roplacement) 
system 


Reuse, innovate and cut costs 


‘Murr; he tour il ations tacas acts versely ty th soni alerts be Ge 
‘ipal supply, a rainwater harvesting (RWH) system was built at the Hotel Padmini Niwas by 
Harshada Worah ts ovine, The hotel hich comprises one main bulcing and two annexes, caters 
to about 75 guests per day dung the peak season and has a petmanent staff of 25 
Inthe hil ree, it st sy to construct underground storage systems os perminion i needed 
for-any kind of ercwvations Tiny exits strchras tthe hota, such as water Heaters or 
ish petiod were converted into RIM storage 
tanks, Wo tanks of capacity 750 tres, were 
connected to the man building, end supply the 
telets for the stat. 
in the next phase, the sewage tank within the 
premises was cleaned and repalred-and converted 
Into on unveraround storage tank, of capacity 
25,000 litres. stores rainwater collected from the 
rooftop of the second annexe ofthe bucing. The 
water rom ths tank sued for gardening 
Two smller tanks of 1,000 and 500 litres were 
added later and connected to the roctiop of the 
main building 
‘Apart trom this, the rooftops of the third 
snncre-end the orchid hewe-are conbected to 
Collection tanks of capacity 500 lites and 1,000 
litres respectively. The run-off ftom the undulating 
topograpty of the ste near the orchid house Is © 
collected in another 6,000 litres capacity tank. These 5 
‘three tanks store woter jut for gating. A total 
| storage capacity of 25500 itres was created. The # 
total cos of the sistem was lust FS 10,00 Inthe § 
year 1308 


Me oa SSRs Pa. 
‘tank converted into underground storage tank 


Inter-connecting pipes and gutters: The most important determinant of conveyance costs is the 
Jongth of the pipes. A system must be so designed that the Inngth of the pipes are reduced to the 
extent pessible, depending on the site conditions and space available. 

‘The second important factor is the material used ta manufacture the pipes. While deciding 
on the material, the wear and tear and durability must be taken into consideration. Pipes come 
in standard lengths of 3 m or 6 m and the diameter is of 4, 6 or 8 Inches, depending on the 
catchment area. In addition to tho cost of pipes, there will be supplementary materials such ax 
elbows, brackets and straps that have to be factored in. 

Gutters form a part of the conveyance system in case of sloping roofs. Locally available 
materials tiko plain galvanised iron shect, PVC pipes and bamboo can be folded to form seml- 
circular or rectangular guiters (sae Table 5.2: Costs of commonly used conveyance materials) 


‘Table 5.2: Costs of commonly used conveyance materials 


Material | Unit of cost Cost in Rs 

MS (mild steal) pipes (4° dial mate 400 = 

MS pipes (6" da) | mete | 600 
ad pps ac | ret ay 8 

| Picppsisiaeen an) rite | ir ey 
oars =e 0 

‘Socket 4 inches exch 35 | 
deca es wie no 

Tew des Sales @ 

Tend 6 inches : “Teach 20 

| Bend 4 inches each 30 =ai| 
| ea thos wa 0 | 
Door bend 4 inches each | ~ | 
Dow ber ices = 20 

End cap 4 inches | ‘each a» a 
talon Ghee ima 5 

| Source: Suny of nariware cos in Dai uideraten by CSE 7011 


First flush systems and filters: These range from a simple extension of the downtake pipe which 
is closed with a valve w complicated systems regulated by volume or flow-rate, In India, 
gonorally very simple systems are used. The complexity of the filters used depends on the end 
use of the harvested water. Filters rangp from relatively simple and inexpensive sand fltors that 
have been developed by users to those made of ceramic or steel mesh and aro sold as ready- 
made filters (see ‘Table 5.3: Costs of some commonly avatlabte filters) 


‘Table 5.3: Costs of some commonly avaiable filters 


Filter x | Cost (Re) _| Cost quote by 

iets a a 
ieatiehGohede. | oan-aaiD Tar 

‘ap er ces de 1360 Ve er Sr 

Amber fier (6 inches dia filter) 6/500. AMBER, Bhopal 

Pow te ee 
occ a ea oe 


| soe: Resecine manufactures oth fer 
lL 


a eve => 37 


0 
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Overhead storage tanks: The cost of an over the ground storage tank will vary with the material 
ofthe tank, A range of materials ean be used depending on the affordability of the usars— simple 
recycled stool drums to PVC or HDPE (high-density polyethylene) tanks, from ferrocement tanks 
to RCC tanks, The second most important cost determinant will be the size of the tank (see Table 
5.4: Sume Lypteal costs of storage tanks) 


Table 5.4: Some typieal costs of storage tanks 


Mal at peri 
‘Brick masonry* 4.50 | 
FNC thal vin chord) tanks Light - 2.30 ; Heawy ~ 3.20, 4.20, 4.80 
Sheetal brand tanks 3.80 
Sitesi oe maa oe 
San ts 20 
Hindal brand tanks | = 2.20 ci x 
‘SPL brand tanks: 7 2.20 

| Feroenet = 80 

| actetercopicad aed 200 


‘Sauce Siney cf hardware hops nel aneaken by CSEIn 201; * Brick mason auctatos by Deh based contacto 


Water treatment: Water treatment systems 
are usually used when water ts used for 


‘Technology Price range (Ri 
drinking purposes. Water treatment systems ee LL 
range from simple disinfectants such as | Ceramic candes 101,200 
fessucactaliue’ civic onnbele=ayeiaeias leet oe "eure! 300 


avallable In dhe market (see Table 5.3: Some 


Thare aie a-uimber of ranted protec | Gee’ ——}—asounees 
typical costs of water purifiers) | 


Reverse esinosis 10,00018,009, 


Cantidge 1,3001,500 

Recharge structures and underground Storage | squree: Suvey ofharare shops Deh undertaken by CSE 
tanks: Tho cost of building recharge | #20 

structures will vary widely from place to plage |—__— 
dopending on the loval cates for labour, materials and transport. Two kinds of cost estimates are 
provided here. The frst ists costs for a system consisting of an underground sump, recharge pit, 
‘ter tank and overhead tanks from the residenes of N Arunachalam, Madurai, 2006 (seo Table 
5.6; Cost of setting up an RIVH structure, Madurai). An expocted cost structure of « recharge 
structure or underground tank, based on a survey of hardware shops in the national eapital of 
Delhi is also provided (see Table 5.7: Expected costs for AWH components, Dein). 


‘Table 5.6: Gost of setting up an RWH structure, Madurai 


| Part of rainwater harvesting Dimensione Total cost 
ips 3) 
Unceoune storage tank 36 mx 1.22 mx 244 m = 10.895? 17.880 
| Fler tank 335 maT mx DAL m = 8955 40 
Fer mada an ae 3000 
| Pre tk a) 10,000 tres 7500 
| Pes 14900 
oral 44,100 


‘Table 5.7: Expected costs for RWH compenants, Delhi 


Nom 
Excavator inal kinds of sci 
| Excavaton in hard rocks 
| PCC foundation 
| ck work 


Hat ick work sam 
Paster = sam 
RCC (rolercompacted concrete) cam 
Dring 4 inches dia recharge bor nso sing hand auger metre 
Dring 6 ces die rechirge bore nso using hand auger inetre 
| ingen ca a rch greet OG |e 
| iting 6 inches i recharge bore had rock using echaica ort mere 
| Colton chamber 30x 30 x30 em 5 con | 
| cote canter 454545 cm el 
Colection chamber 69 x 60 x 75 ora [em | 
PC (nay vinyl cri) ote pipe [ances 
PIC slotted pipe | oinenes 
‘A ventcoel & ches each 
‘Ai ventcoel 8 niches each 
Metal gr cover = i = 
Wetted wire mesh i 30 
Chicken wire mesh sa fet 3 
| SURE Ct wos cot owed by Dab cata os of erate aware matera fon asiney ol hardware shoosin 
ECONOMIC BENEFITS. 


Rainwater harvesting systems provide additional and quality water, Yet people are often 
reluctant to invest in a system when they get assured municipal water supply since its is 


supplicd at highly subsidised rates. 


‘The motivation to. 
‘+ Municipal water supply is erratic or insuflcient: 
+ Monicjpal water is of poor qu 

‘+ Municipal water supply fs exponsivn, say, for industries 
* Specifcally when manicipal water supply docs not oxist, 


st in a RWH system comes only when: 


How can the economic benefits from rainwater harvesting systems be quantified? 
To take an example it can be calculated by adding up the savings derived from spending on water 


tanker supply and /or the municipal water bil, 
‘= Expense for constructing a rainwater harvesting systems 
+ Annual expense for purchese of water from tankers 

‘+ Annual expense for municinal water supply 

‘Total annual water bill 


= R53 lakh 
= R5 60,000 
= %524,000 
= 85 84,000 


“Tanker water supply was stopped after rainwater harvesting system began to yield water. 


+ Annual savings in water bi 
‘Number of yoars taken to recover cost of investment 
+ Payback period to recover investment 


= R5 60,000 
= 300,000(60,000 = 5 years 
= 5 years 
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CASE STUDY 


PAYBACK ANALYSIS OF CYGNUS MICROSYSTEMS, HYDERABAD 


Cygnus Microsystems, located in the Cherapally Industrial Area of Hyderabad, dees not get 
municipal water supply. The only source is groundwater which is extracted from a 107 m deep 
borewell. ‘The company decided to invest in a RWH and collection system to save on buying 
bottled water for its 60 staff members. It harvests rain from only a third ofits roof area, which 
‘sulTices for drinking purposes. It spent a otal of Rs 2 lakh on the RWH system, including the 
investment for a Aquaguard system and chlorescope for water purification, It rocovored its 
investment in just under three years, The RWH system has been in use sinee 2004, 


Collection of rainwater for drinking 
‘The terrace is about 1,000 sq m but less than one third of itis used for harvesting rainwater 
which is used for drinking purposes. This area Is cordoned off from the rest of the terrace by 
1 foot (30.5 em) high wall. The rainwater is let out through three outlets at the rear of the 
terrace which are connected to 4-inch PYC pipes. The wator fs frst passed through a flter which 
has gravel of diferent sizes. The filtered water passes into an underground sump of 63,000 litres 
capacity, that forms the bulk storage, A gate valve-based provision has been made to bypass the 
filter in case the sump is full. The sump is designed to prevent light from penetrating so that 
algal growth inside is avoided. Vents to release vapour pressure are provided on the sump, An 
arrangement to let water overfow from the sump (in case there is a fresh inlet when the sump 
1s full) is also provided. An LED-based water levol indicator has also been provided, 

For day-to-day use, the water collected in the sump Is pumped to an overhead Sintex tank 
when required, From this tank, water is piped to the consumption points, after passing through, 


Figure 5.1: A third ofthe root provides enough drinking water 
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an Aquaguard lier at the point of use. Every day about 600 lit 
by the staff members, Phe stored water is sult 

Water needed for toilets, cleaning 
volume required 


Fyvatoe is used For drinking 
AL t9 Hast the entire year 


nd other uses are sourced trom the borewell and the 
pou 1.500) litres/tay 


Collection of rainvwal 


for goat 


ning 
A second Sump of about 72,500 litre capacity has also been constructed. The catchment arca for 


il {5 approximately 275, 


his sump is the roof uf dhe parking shed. The area of Lie: roof of the sl 
sqm. This wator is passed through a filter, which also contains gravel of dillernnt siees, Fl 
vamp and used 


‘or gardening purposes. ‘The water supplements the horewell water und is sufficient for one 


wator passes 10 the storage simp. When rq 


4, weator is pumped from th 


completo seas 


0 Water the plans during the dry period. Malntenaniee includes only cleaning 


AF50NG UNDA ONIAVd3ad 


The sump that colloete water from the sloped raf uf the shed 


ow ma PUN ECHL STEM 41 


plot area is about 1 acre (4,000 sq m), With the average precipitation in Hyderabad 
being about 800 mm in a year, and assuming 30 per cent of this precipitation can be harvested, 

the total harvestable precipitation on the plot works out tu be about 12 lakh litres annually. The 
‘wo sumps described above account for a total storage capacity of approximately 1.32 lakh 
litres. An attompt has been made to ensure that the remainder of the procipitation smoanting 
to more than 1() lakh litres annually is sunk into the ground within thy premises, thereby 
recharging the ground water levels. Two plis have been dug tw harvest the uncollected run-off 
‘and any overflow from tho rainwater collection tanks. Drains runaiag along the: building channel 
this oxcass water to the harvesting pits, one of which is inside tho premises. The overflow from 
this is diverted to another recharge pit just outside the premises. A gata arrangement is mado 
{to hold th water for some time so that the first pit has a chance to absorb the water, These RWH 
pits are located at the lowest point of the plot. They contain layers of gravel, meval and brickbats 
to Increase their absorption, 


Quality of rainwater for drinking purposes: As Cygnus |S using only rainivater for drinking 
Purposes, the company regularly gets the water quality tested, 


Annual savings and payback: Refors harvesting and using rainwater for drinking purposes, 
Cygnus was buving bottled water for drinking purposes at Rs 6.000 per month (Rs 72,000/year). 
‘The rainwater harvesting system was bulll in 2004 at a cust of approximately Ks 2 lakhs. The 
cost includes the Aquaguard. The cost of maintaining the system is Fy 500-1,000 per year for 
cleaning of the catchment, sump and filter, and alea for chlorination, 


“The annual sav 
Payback period 


1g Uherefore works out Us Rs 71,000 per year [ORs 6,000 x 12) - 1,001, 
00,000/7 1,000 = 2.75 or 2 years 9 months 


System details 


Drinking water tank 
Total rooftop area: 645 5q m 

Rainwater potential: 204 x645 x08 ~ 414,864 litres 
Volume of storage tank: 65,c00 litres 

Volume of ftering tank: 6,000 litres 


Gardening tank. 
“Tal rooftop area: 275 £9 m 

Rainwater potentia: Bos x 275 x08 = 176.990 litres 
Volume of storage tank: 72,500 tres 
Volume of fitering tank: s,000 litres 


Designed and implemented by 
Babita M ingewar, Cygnus Microsystems (P) Limited 
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Harvesting for storage 


Storage tanks fir harvested rainwater can be built both andorground and overground, fn the 
cites of Gujarat and Rajasthan, where ranflop harvesting was practised traditionally, rainwater 
fron the root was collected in underground Lanks in the courtyard or within the buildings, Called 
tanks, these tanks would supply drinking waier throughout the year, Some are still In use 
today: In Mizoram, in the north-east, tanks made of galvanised iron, a ur concrete are 


oramonly used to store rainwater for drinking purposes. These are all overground, perched on 
Foofs oF tostly aside the hill homes. These: are thy traditions an which modern builders ean 
drayy inspiretion from when designing their owe KWH systems, 


STORAGE TANKS 


Storage tanks can bo made vat of a variety of materials ranging from east iron sheets and 
polyvinyl chloride (PVC) to beink andl eonerote (aoe Table 6.1: Type of tanks), For all tanks, some 
basic precautions must be taken during construction, 

Undorground tanks can be made of bricks, stone slabs, slate or tiles set in. eemont 
Regardless of the material chosen to build the tanks, they should be durable and waterproof 
The tank should havea noa-tnxie surface, particularly when used to storw water for deinking 
Purposes. All tanks must be covered lightly to prevent contamination. Tanks need to be sit 
lose to the catchawent and point of use tw reiucis cost and leakages 

‘The earth around the tank should be able to bear the weight of the tank when itis filed up 
With water which is a heavy material, a litre weighing 4 kilogrammo, ‘Therofore, the oarih must 
be compacted around the tank lightly and the soil must settle thoroughly before letting any 
water into the tank. These tanks which are circular {n shape have a greater capacity t0 
‘withstand the weight of wator 


‘Table 6.1: Typos of tanks, 
Various ratorals luting plastic, bricks, Gl ard cencrata may be used 

Type Characteristies Life in years Cost/litre 
Poljthvine, Lightweight, resistant to water, stood easly wis | Ras 


palyprpyere ond ater | ransporate, 
salar syatetc materal 


Brick masomry Long ie, nonreactive, should be mantaned, 163 | Roa-4 
Ressforced cement | Durable and larg las, but gre to crac nes 5075 | Rs8-10 
concrete node wih cerame ties. iis potable 


Forncemert Mede out of cement, sand, water and strengthened 1018 
i ste wie ormesn, Srucuraly more effet than 
sorry but pane to crackng. and equles mantenance, 


Gavanced vor tion, when coated with hot zinc called gebvansed «15:20 | «RS 3-4 
ron and his process makes the ran rustoroct I 

Ightwoight ard innwomave. Zine dssoles potable 

Wor; therefore he tarkc must be ned inside 

with laste: High mantensnee requred, 


Underground storage tanks shoul be made wate 


ight by plastoring tho insides wit 


to about & three-quarter ineh thickness. Care should be taken to ensure that the water dives sok 
Jeak Into the soll. The top pf the tank should haye a Large enough opening so that a person can 
limb inside to clean the: tank or undertake repairs, 


Ovir the ground tanks must be flited with an inlot pipe at the top of the tank, outlet pipes at 
the bottom, drain pipie to clean out the tank, overflow pipe and a valve with ball Toa assembly 
Jala, outlet or vent pipes must be fitied during construction and not afer, in order w avoid 
leakages, 


NUMBERS OF STORAGE STRUCTURES 


“The number of tanks will depend on the sive conditions 
‘= volume of rainwater that can be harvested: 

water demand 

space available: 

layout of the building: 

‘+ size of the storage tank; and, 

+ budget. 


‘When there is more than one storage tank, {t can 
for maintenance by r0 


‘an audvaniaye, since they can be shut down 
‘and dhus water ean be availed at any time, 


SITING AND POSITION OF TANKS 


‘Tanks can be sited overground or underground. While using overhead tanks, the inlet pipe 
should be lower than thy lowest downtake-pipe from the catchment, Tanks should be sited as 
lose as possible to the catchment and point of use to reduce costs and leakages and make 
collection and storage more efficient, While catchments should be away from tree overhang to 
prevent contamination from dried leaves and bird droppings, storaye winks should be in shady 
places, ‘Ihe overflow from the storage tanks should ke at miaimum, 1m away, from the 
foundation of the building (see Figure 6.1: When constructing storage tanks... and ‘Table 6.2: 
Siting of tanks 


Table 6.2: Siting of tanks 
Determines the effectiveness ofthe system 


Parameters Underground tank Ground-evet tanks 
cost Exponcia, as costs of excavation are ‘Cheapest. Can be made of any 
| atonal Imatrial 3s per the ug avalabie 
| Space ‘Once constructed and veld, space can 
be used for otier purposes. | 
Cortarination ‘When pronely mace and sted, very tle Ne chances of contarator from | 
| Chances of contarinston. Water wil tay esh sewage. But there ere higher chances 
| fora ong time of growth of bacteria and algae 2s. 
| the tanks are exposed to suit 
Water cuality lt regulary mantained can get drole water laced in shade anay from drect 
quay sunlit, chances of cortamincton ae 
| reduced 
| Structural damage | Cars must be taken during construction, Mustbe Concrete, brik or sythatic materials 
properly rengthened and cemented to prevert wil sot damage easiy but | 
| ‘racks as they willbe more ficult to repair ——_‘ferrecement can crack Easier to | 
i ‘eoai than underground tanks | 
| fase of accessing Water hus to be purped up snd wil ‘fat a higher lave, water can be taken | 
waler se eneray ‘out usng gravy | 
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Figure 6.1; When constructing storage tanks... 


1. Tank should be properly covered to 
prevent algal growth. The cover must 
be propery sized to facilitate entry for 
leaning. 


2. Inlet pipe should come from 2 level 
that ishigher than the top of the tank, 


3. There must be an overflow pipe and 
the mouth of the pipe must be covered 
‘with mest to prevent entry of Insets, 

A. The outlet pipe should draw water 
{rom the midale ~ neither from the top 
‘or trom the bottom to prevent 
‘loating debrie or settled contaminants 


5. There must be a drain pipe for wash 
out during cleaning 


|| 8 The tank must rest ona strong and firm 
base. 


7. The inside surface must be non-toxé. 


A Floor to slope towatd drain outlet 


Tanks must be property covered 


Tanks must be sited in shady places but 
snot diveclly under trooa 


Tanks must be sited wt least one meter 
‘ay from wall of buildings 
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SIZING OF STORAGE STRUCTURES. 


Estimating the size of the storage tank correcily is very important, as it is often the most 
expensive part of the system. When rainfall Is distributed uniformly throughout the year, the 
tank size can be relatively small as water can be filed up regularly across the yoar, The reiny 
months of the year may not be coterminous with the poriod of posk demand. Sizing the storage 
tank will depend on: 

+ Water demand 

+ Average annual rainfall data for your area 

+ Nombor of rainy days 

+ Catchment area, 

+ Number of dry days/scarcity period 


SIZING BASED ON DEMAND FOR DRY PERIOD 


Ifa person cannot get data on rainfall, a simplo calculation basod on minimum requirements for 
drinking and cooking for the dry period can be undertaken to caleulate tank size 


Number of people in @ family = 6 

or capita consumption of water = 10 litres per capita dally pea) 

Dry period = 100 days, 

‘Total demand for dry period = 6 x 10 x 100 = 6,000 litres 

Allowance space for inlet and outlet pipes = add 10 per cert volume = 6,600 litres. A storage of 
4,600 litre eapacity can then be but. 


A simple thumb rule to follow: 


A: Sizing the (ank based on availability 

+ Where the rainfall Is available for only a short period and it Is not Ukely 10 meet all your 
demands, thon it is better to plan for the period when there is most scarcity or the period 
when water is not available from uny other souree, This is why you also ned to know your 
number of dry days or most scarce period. 

» ifavallable rainwater 's less than the demand, then the storage tank should be built to hold 
all the rainwater that you can collect. In this method, you will be matching the capacity of 
the tank to the area of the roof, 


Sizing the tank based on demand 

+ Ifthe available rainwater is more than the water you need, then the storage tank should be 
built to hold only the amount of water you neod. In this method, you will be matching the 
capacity of the tank to the quantity of water required by its users. 

+ [Size of storage tank = Water demand x number of days of water scarcity} 

+ In places like the northeast, where rainfall is plentiful, the water demand of the entire 
household can he met from rainwater. But in most urban cities, itis better to store rainwater 
to meot only a part of your total water demand. 

‘© This technique can be used in the absanee of any rainfall data and is easily understood. 


In practice, the costs, financial resources and the construction methods tend to limit the tank 
size to smaller capacities than would othorwise be justified by roof areas or the likely neods of 
‘consumers, For this reason, elaborate calculations aimed at matching tank eapacity to roof ares 
1s usually unnecessary, 


Onco the size has boon decided, the choieo of matoriale will dopend on personal choieo, budget 
‘and locally available materials and technology. 


Calculating size of tank 


‘A. Based on availability 


8 Based on demand 


Ny 4/7 4 es 


EL, 


fer A] igo 


bale” 


Mh Mil, 


Raintall = $09 mm, 


Rooftop area: 100 sa m 
Per capita consumption: 100 pea 


Water to store for dry days 2100 100 = 
120,000 ies 


‘Availablity more than demand 


Sizing of tank based on demand: 20,000 ites 


Rooftop area: 100 sq m 
Per capita consumption: 60 Iped 


Water to store for dry days: 5 » 60% 100= 
30,000 litres 


Ayallable rainwater: 100 « 500% 0.8 = Ayei 
40,000 tres Tires 


Demand more then aveilability 


Siting of tank based on availability: 20,000 
lies 


‘rainfall = 259 mm 


ralnwater: 100 x 250 x 0.8 = 20,000 


SIZING BASED ON WATER BALANCE METHOD (OR RAINFALL) 


This technique involves detailed record keeping of 
rainfall received, yolume accumulated in the tank, 
water being used and niet water left in tank. The 
size of the tank is calculated based on the 
‘maximum volume of water remaining in the tank, 
MM Sharma of Hastinapur Colony used this method 
Ww arrive at the size of lis storage tank. Sharma 


construction stage in 1995, The storage tank for 
rainwater has been placed under the floor of the 
house. 

Municipal water in this area is supplied on 
alternate days and that too for an hour only. Not 
only that, the water is supplied at odd hours, often 
as early as 4AM. During periods of searcity, wator 
is suppliod overy three days, for 45 minutes or even 
loss, 

‘Sharma kept detailed records of rainfall, volume 
being accumulated in the tank, water being used 
and net water Ieft in dhe tank. He calculated the 
balance of water that could be stored in the tank 
after deducting the probable daily use of water — 
850 litres. The maximum water likely to be in the 


MM Sharma tnside his rainwater storage 
tank 


+ NOW Ta PUA AND DEAN STEN => 47 
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Graph: Monthy rainwater cofected, monthly use of water 
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Source: Mt Shara, Hera 


‘tank was calculated at 54,436 litres, From this, he arrived at the optimal storago size of the tank 
~ 54.800 litres. However, Sharma constructed bigger tank of about 90,000 litre capacity 
‘keeping in mind the structural design of the house and making allowances for higher rainfall 
He says that a simple rule of thumb would be to construct a tank that would held between 
25-45 per cont of the total water harvesting potential 

The total cost to build the tank came to Rs 33.000. Additional costs were incurred for a 
polyurethane tank (Rs 3,000), an elocirie pump (Hs 2,000) and Ks 3,000 for pipes and plumbing. 
In all Sharma spent Rs 41,000. This is about 8.2 per cent of the total amount spent for the 
construction. A substantial part ~ about Rs 18,000 - of this monoy was spent on making a strong 
RCC cover for the tank. which also sarves as the floor for the kitchen, storeroom and living room. 
floor area. He says that Ii took him Just 7 years to racover the cost, He has also stopped using 
‘water sourced from the 55.m deep borewell from the year 2003. 


System details: 


Totel Rooftop Ave = 16039. 1 

Rainwater Potential = 804 x 160 x 0.8 = 102922 lites 
Volume of Storage Tank » 90,000 ites 

Volume of Filter Yank = 25,000 litres 

‘Mesh size ofthe three filter chambers 

4 In The First Flter Chamber =2.5 em x2.5 em 

2. In The Second Chamber = 1 on x1 em 

3. InThe Thirc Chamber = 2 mmx 2.mm. 

‘Cost = Rs. 43,900 in the year ages, 
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Harvesting for recharge 


Rorbarge stracturas channolise rainwater into the aquifer. an absolute necessity in the context 
of the rapidly declining groundwater table across India. Recharging also serves to pravent 
Aooding in cites during intense rain spells, as, i serves to control saline intrusion. 

The dosign of a recharge system depends on 
hydro-grology. rainfall. available spare and economic feasibility 


‘coastal ar 
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TYPES OF RECHARGE STRUCTURES 


Recharge structuras are mainly of the following types: 
a. Rocharge pits (with and without hores) 

b, Recharge trenches (with and without hores) 

6 Recharge wells 


In addition, duswolls cr tubewells that are no longer in use can be converted into recharge 
structures. Usually, recharge wells are combined with settlemenvilesiluing tanks while pits and 
‘onstracted without setilement tanks 


trenches a 


‘Table 7.1: Characteristics of different recharge structures 
‘The depih ofa recharge nit, ength of a borepipe ina wel and volure of a trench are important factors 
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RECHARGE PIT 


This is the simplest recharge structure, suited 
for small eutchments. tis mostly used whiere the 
soil is permeable to recharge tho shallow 
aquifer, or provides water for the roots of plants. 
Also called percolation pits, they can be circular 
co rectangular and have no inlet ur overflow 
pipe. They are located in low-lying areas 50 that 
Water can automatirally flow into the struct 
lvally, there should be one percolation pit for 
every 23 square metre (sm), 

A recharge pit is about 0.5-0.6 m on each 
side. Its depth can range from 0.6-1.5 m, 
depending on the catchment area and rainfall 
‘The pit is filled with gravel, pebbles, sand or 
broken bricks to filter tho water before it 
reaches the aquifer (see Figure 7.1: Recharge 
pi. 

Techarge pits require relatively clean water 
to prevent its clogging and should be sited well 
away from the base of buildings, They require 
very litle maintenance, though, except periodic 
cleaning of the flver maverfals, 

Whore the soil is not permeable such as 
clayey soils, the recharge pits can be fittnd with 
a recharge bore (see Figure 7.2: Reckarge pit 
‘with bore) through which the water reaches the 
first permeable stratum, The bor can be 150- 
250 mm in diameter and tho depth of the bore 
‘will depend on the depth at which permoable 
strata can be found 


Figure 7.1: Recharge pt 


‘The recharge bore can be drilled with a manual auger unless hard rock is found at a shallow 
depth. The pit can bo lined with a brick/stone wall with openings (weep-holes) at regular 


intervals. The pit can have a perforated cover, 


RECHARGE TRENCH 


A recharge trench is excavated in the ground and refilled with porous media like pebbles and 
boulders. It is & continuous trench and suitable for places whore there is no drain, channels or 
‘rainwater pipe to collect run-off and where water is wasted without being trapped. leading to 
‘waterlogging on the road, It collects the run-off from paved or unpaved areas draining out af a 


compound and could be dug across 
the slope of the land, 

A recharge trench does not have 
inlet and overflow pipes. It should be 
covered with a metal grill cover or 
perforated KCC stab on top, 

A recharge trench can be 0.5-1 m 
wide and 1-1,5.m deep, The lengih of 
the recharge trench is decidod on the 
basis of the run-off expected and 
Space available to dig the trench. As 
in the case of recharge pits, a trench 
can be combined with recharge 
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Figure 7.3: Recharge tronch with bore. 
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bores to reach deopor strata, The base ofthe trench ean [ | 0 
be cemented or left as it is. Similar to pits. the trench has | Serd Practica for rechanie 
‘iter materials such as brickbats, pebbles and gravel, TNE echarge Bore should never 

| reach the aquifer. It should 
RECHARGE WELLS terminate some way above the 


| woter table, 


Water enters the aquifer through a recharge well, unlike MS ee et Be cae 
‘borewell, which extracts groundwater, 111s used where | Delng recharged s further fitered 
tho soil is not 30 permeable allowing for easy recharge | ‘MOugh sufficient thickness of sol 


ind wlwreit is neensaryt each deer ground nfind BEE Fedhing he aauites 
permsebe strat, For instance, when tere sa clayey M2 thumb rl the depth of 


or rocky layer on top ef permeable strata, the recharge 
pipe is designed to reach that stratum. 

It consists of a tank or a pit filled with filter materials | Figure: Depth of recharge bore 
such as coarse sand. pebbles and gravel and a recharge 
bore that will reach the permeable stratum. A pit is 
‘excavated (o a depth of about 1,5-2 m, and in the middie 
of the pit, a borohole is drilled. It can be made with a 
manual auger or drilling equipment depending on the 
geology of the site, The recharge pipe, witich is fitted 
into the recharge bore, has a diameter of about 150-300 
‘mm. Tho pit has a coment concrete hase and the sides 
are lined with brick masonry or RCC walls. In some parts 
of the country, circular concrete rings are used to make 
4 circular recharge well. 

‘The depth of the bore will depend om the hydro- 
cology of the sito. The pipe has perforations or slots for 
4 part of ils length so that water can seep into the bore. Bore pipes can be mado of mild stea! 
(MS) or polyvinyl chloride (PVC). The former is expensive, prone to rusting and difficult to slot, 
In contrast, PVC pipes are cheaper, non-corrosive and easy to slot. However, they may leach 
oxic chemicals after prolonged uso, a distinct disadvantago. 

‘The space hetween the recharge bore and the sides of the recharge pit is filled with filtering 
‘materials such as gravel, pebbles and coarse sand. This portion of the recharge bore can also 
be covered in jute or coir materials for additional Mltering. The recharge pit has an Inlet and an 
overflow pipe and is covered with a concrete slab that cen be lied to let a person in for 
maintenance activities 


‘monsoon level of groundwater. 
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Figure 7.4 Recharge well with sottamant tank 


Sottlomentdesilting chamber 
A recharge well is usually combined with a settlement chamber that provides the first level of 
‘ltration. This (sa small tank or pit that collects the first run-off and allows the water to sottle 
before going into the recharge well. The silt and sediments setile at the bottom while clean water 
flows into the rechargo woll. 


For eaichments with a higher sediment load, the fltration espacity of tho chamber can be 
enhanced through an in-built filtration system, The tank is divided! into twa chambers by a baffle 
wall. Water enters the frst chamber and the sit setles at the boom, Clearer water from the 
top flows into the second chambor which is provided with filter materials, The filtered water is 
Jed into the recharge well 


RECHARGING THROUGH ABANDONED BOREWELLS OR DUGWELLS 


Dugwells or borowolls that have ceased to hold 
‘water and are therfore defunct can be used as 
recharge wells, The cost of sinking a recharge 
bore is thus saved. Water from the roof or 
other catchments ean be led through a pipe to 
the abandoned borewell or dugwell. In the 
cease of a tubewell, the top 1-2 m of the cast- 
Iron casing can be removed and replaced with 
a slotted or perforated pipe so that more 
surface area is available for the water to 
percolate, The porforated portion can be 
covered with a coirguve or nylon mesh for 
additional filtration. If a dugwell is used for 
recharge, the wall ining should have openings 
(weop-holes) at regular intervals to allow 
Seepage of water through the sides, Dugwells 
should be covered 19 provent mosquite 
breeding and entry of leaves and debris. 


RECHARGING IN-USE BOREWELLS, 
AND DUGWELLS, 


In many places, horewalls and dugwells are 
recharged directly, In such cases, abundant 
precaution must be taken t ensure that the 
water is adequately Eltored bofire it roaches 
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the aquifer, Water fram the roof or othor catchments ean be led to « seitloment tank and a 07 


recharge pit with filtering materials cu 


a Hite distance away from the borewell or dugwell 


SIZING OF RECHARGE STRUCTURES, 


Rainwater takes some time to perrolate into the soll. Therefore, the structures must be so 
designed to hold most (at least (worthirds) of the water that runs eff during Ue most intense 
spell of rain in a day, which, on an average, does not last longer than 30-40 minutes in Indi, 
‘Thereafter, the rainfall slows down even in cases of continuous rainfall, Coastal cities like Kochi, 
Mumbai and cities in the North-east have longer intense spells and cities like Delhi or 
Ahmedabad have shorter Intense durations. To determine the size of the recharge structure, the 
volume of rainfall during the most intense spell of 15-30 minutes is calcalated for the given 
cutehment ares, 


(See Anneure I for ratufull imensities of setect ctties) 


Sizing a recharge trench, 

As water for the recharge trenches enters directly from unpaved or paved areas, a higher 
quantty of filter materials is needed, While sizing the recharge trench or trough, allowance has 
to be made for at least half the volume of the trench to be used up by Blter materials. 


Catchment area (A); 100 sqm 
Rur-off coefficient (C): 0.6 

Peak rainfall intensity in 15 minutes (: 16 mm 

Rainwater volume in 15 minutes of rainfall: 100 x 0.6 x 16 = 960 litres 
Volume of the trench should be 960 litres. 


Filter materials take up at least half the capacity of the trench, the size of the recharge trench 
should be double the capacity needed to hold the run-off, ie. 1,920 or rounded to 2,000 Ftres, 


Dimensions of the trench: length x width x depth: 2 mx 1m 1m = 2.cum or 2,000 Inres 


Table 7.2: Sizing of recharge structure 
Volume of water curing mest intense period of rainfall determinas size 
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960 lies — 100 5006-3000 ines 


‘Recharge pt volume: 2/3 ot ran volume 640 ites 00 tres 
was ae 


Dimensions of recharge nit (Dx) cf) 1m x O.75 mx m= 750 tes Imei me2.5m 
Space for iter matersl and the vert lee 


500 litres 
750 - 680 ~ 110 tres | 2,500 - 2,000 = 500 ties 
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alee deste dimensions 
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‘Step by step construction of recharge well 
Insearch of permeable strata to tink 2 borehole 


‘Step 1 (Figure 1): Excavate the earth Figure 1: Excavate earth 
‘Step Z (Figure 2): Prepare 2 footing (base: 15:20 
ce) with plain cement conerete (PCC) on which, 
the masonry brick wall will be erected, Prepare 
‘masonry on RCC walls. 

Step 3 (Figure 3): Make a borehole to feclitate 
(groundwater recharging. 

Step 4 (Figure 4): Inger the bore pipe with slots 
into the borehole, Cover the slotted portions 
with jute coir 

‘Step 5 (Figure 5}: Fill the well with filter 
imeterials. Cover the tank (RCCstone slab/metal 
‘gril Proside a manhole for entry into structure. 


Figura 2: Prepare masonry on RCC walls Figure 3: Dril a bore hole 


POINTS TO NOTE FOR CONSTRUCTION OF RECHARGE STRUCTURES. 


Before beginning the construction of a recharge structure, Lhe following must he assessed 
‘© Soil and rock profile of the site 
= Quality and quantity of water; 
Intensity of rainfall; 

Dopth to the aquifer and its properties: 

‘ype of land use, industrial, agricultural or residential; 
‘Type of catchment, paved or unpaved area. 


Soil and rock profile: Soil and rock profile determine the kind of recharge structure. Where soils 
or substrata is of low permeability, wells or shaf's penetrating the substrata arc the only moans 


Stages of construction of a recharge well, Delhi Gymkhana Club 


Construction of brick wall Complete recharge well with filter material 


of recharge. Whoro there is a shallow aqui 


by clay, it can he momoved and a rocharge 
pit can be constructed. If the geological profile is of hard ruck. it fs better {o construct storagn 
systems, Recharge or percolation plis are suitable for smaller eaichmonts where there is 10 
space available te construct recharge wolls or trenches. 


Quality and quantity of water: The quality of water is critical to aquifer recharge. Fil 
systems anust be constructed (a remove suspended solids and biological and chemical impurities, 
Accumulation of debris or other organic impurities will facilitate the growth of bacteria and 
algae, which clogs recharge structures and slows down the rate of reclsarge. The quality of water 
allects the efficiency and the lift of a recharge structure, Water for recharge should be fur away 
from sewers, areas where delorgents, pesticides, herbicides or other chemical substances have 
boon used 


Intensity of rainfall: The rainfall intensity ina particular site will Influence the size of the 
recharge structures. In places of very high rainfall intensity, a large yolume of water will 
accumulate quickly and the recharge structure must be lurge enough to hold the raiafall. The 

arge bore must have a larger diameter and deop enough to dolisor the wator quickly and 
jently to the aquifer. Where the intensity is low. the structure c 


1 he sinaller with shallow 


bore, 


Depth of the aquifer and aquifer properties: Recharge is bost done whore the groundwater 
lable is at a minimum depth of about 8 metros below ground level. The squifor must be thick. 
Porous, permeable and homogenous for ideal recharge conditions, 
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CASE STUDY 


(CENTRE FOR SCIENCE AND ENVIRONMENT, NEW DELHI 


{the Contre for Selence and Environment (CSL) bulla systera to harvest rainwater in 1999, when 
Ue organisation was just beginning to initiate its rainwater harvesting (RWH) advocacy, The 
plan was to build « five demonstration of « RIVH system in an urban area ty motivate others 


simple system was designed, It comprised of the following: 

= Flocharge pits with bores 10 reach ovater to the first permeable layer of soils around the 
building in the unpaved areas 

+ echarge trench at the front of the building to arrost water from flowing away. 

‘© Recharge well (coverted from an old siorage tank) to recharge water from the roof wreas, 

‘© Using a defunet borowell to recharge water from roof areas, 


Figure 7.6: OSE's rainwater harvesting system 


‘ounce: Cent or Science set Enconmert, Naw Dal 


Recharge pits 

Tn order to capture the rainwater that falls on the unpaved area around the building, 1% 
recharge pits have been constructed all arpund-the building, Fach of the pits have a briek-tined 
collection chamber. In the middie of this sump a 20 foot (0-14 m) bore was dug.and a rwcharge 
pipe was inserted. The pipe was slotted in the top portion of the pipe to allow for the entry of 
the water The slatted portion is also wrapped in coir to add fo the filtration process. The top of 


the pipe is covered by a pol to prevent the entry of debris into the pipe. A perforated RCC caver 07 


Is placed over the pit. 


Dimensions of the recharge pits [longth () x breadth () x depth (a: 0.6 m x 0.6 m x 0.5 m 
Unpaved area catchment: 615 59 m 


Recharge trench 
‘The recharge tronch is situated at the gate and prevents any water from going out of the 
building. 11s a long trench with three recharge pits and covered with an iron gril, 


Dimensions of the recharge trench (xb x d): 6.2m x 0.7 mxOS m=2.17 cum 
Dimensions of recharge pit within trench (Ixb xd}: 0.3 mx0.3 m x03 m= 0.9 cum 
Total trench volume: 3.07 cu m 

Unpaved catchment area: 133 sq m 

Rainfall intensity used for design: 90 mmvhour or 22.5 mnv/15 minutes 

Rainwater harvesting potential in 15 minutes: 33 x 0.023 x 05 = 1.53.cu m 

‘Space for filter materials: 1.53 cu m 
Volume of trench should be: 1.53 + 1.5 


|| Actual wrench volume: 3.07 cum 


06 cum 


Recharging through a defunct borewell 
Rainwater from the ronftops that drains towards the rear of the building is channeled to a 
defunct borowell, 

Pipes bring water from the roofs ai two different levels to a central point at the northeast 
corner of the building. There 1s a small colloction chamber (1 ft x 1.5 ft x 1.5 R) that eollects 
water fram three pipes. From hore water is led down through a vertical pipe that is concealed 
within the building ‘The mouth of this pipe is covered with a mesh to Filter out gross 
contaminants such as leaves and other debris, Water is channeled from the boitor of tho 
vortical pipe to the abandoned borewell 

‘The top partion of the defunct bore was removed snd replaced with a sletied pipe, A sump 
‘was built and lined with a brick wall. The top of the sump is covered with a RCC eaver to prevent 
debris from entering the system. The sump is filled with filter media mado up of pebbles and 
‘sioaes to a depth of 30 cm. The bore pipe is 45 m deep. 


Recharge well 
ainwater that falls on the open terrace in each of the four floors of the building is channeled 
to an open pond, The pond acts as a settlement tank, The overflow of this tank is led to a 
-rocharge woll Ineated in the front of the building. 


‘Dimensions of the recharge well (xb xk. 28 mx 1.75 mx30m 
Filter materials ae filled up to a depth of 75 cn, 
Volume of the recharge well sump = 11.03 cum 


Rooftop area for the recharge wel: (Floors 1-5) = 35 +25 +234 94 20=112.qm. 
Rainwater harvesting potential In 15 minutes = 112 x 6.023 x 0.8 = 2.06 cu m 


In this case, the rechargo well sump was consiructed as a storage lank and later converted into 
arecharge well and therefore the volume of the sump is larger than what would be required to 
retain rainwater in a spell of 15 minutes, 


Raising of stormwater drains 


Openings into the municipal stormwater drains were raised to prevent rainwater from flowing. 
‘into thom, 
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Graph 7.1 Groundwater lovel 
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This institution barely gets any municipal water supply, Therefora, it bas to dep 
burewells. ‘The demand for water has been swadily rising as the number of persons ha 
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Filter systems 


Rainwater |s relatively clean and thus does not need complox filtering. Commonly used filter 
systems based on a combination of sand and gravel will keep oat most urgenie pollutants. It 
rainwater is used fur drinking purposes ~ and whore money is not an issue — residents can set 
up housohold filtering systems at point of use. 

‘There area number of in-built mechanisms within « rainwater harvesting (RWH) system that 
ensures that the Water finally stored or recharged is of good quality. The nurmbur and type of 
Filter mechanisms used would depend on the end-use of the rainwater harvested. 


Four typos of filtration processes ean be used in the RWH system: 

‘+ Separation or screening: Vins is the first level of filtration and separates out gross pollutants 
such as leaves, droppings and other materials, 

+ First lsh; St the second level, the first spell of rain containing dissolved impurtites — the frst 
Ash — are allowed to flow away 

+ Filtration: Filters remove dissolved organic and inorganic particles in the rainwater, before 
itis collected, 


+ Settlement tanks: Setiling tanks remove silt and other coarse materials 


LEAF SCREENS 


As 9 first stop when collecting rainwater leaves, animal liter and other debris should be kept 
‘out from the roof catchment articularly, where there is a tree overhang: Simple moshos 
or jalts mado of iron, wire, nylon or plastic can be used for this purpose. The Inaf scrsens (sve 
Figure 8.1: Leaf screens) can be placed anywhere Uirough the system as per convenience ~ un 
tho roof at the entrance of the down-pipes or gutters, at the ond of the down-pipey or gutters, 
af the entrance of storage tanks. Leaf sermens must be regularly cleaned to remove accumulated 
debris. Otherwise, the pipes will get clogged and prevent water from flowing, which ean he a 
heals hazard 


Figure 8.1: Leat screens 


FIRST FLUSH DEVICES 


Catchmonts tend to accumulate dirt Figure 8.2: Fret Fush davice 
and dust, and after a long. dry 
summer, the first spell of rain will 
absorb dust particles from tho 
well as fram the raof catchments, 
Leaf sereeas cannot keep out these 
contaminants, To remove these, the 
aplest way is to throw away the 
initial spoll of rainwater. The first 
flush device ensures this (see Figure 

8.2: First flush device) 

There is no eaact calculation 
that dotormines the amount of 
rainwater thal should be discarded, 
It depends on a variety of factors: 

+ The condition of the catchment 
the di 
‘will be the water that needs to be discarded: 

+ Type of catchment; Smooth catchments and sloped roofs will need less water to wash off 
contaminants instead of rough catchments and a Mat roof 

+ The dry poriod bofore the rain: After a long and dusty summer, more water will be needed 
to got rid of the dissolved dust particles and other contaminants, As against this, in hilly 
areas, wher there is frequent rainfall, after the first spell of rain, less water needs 10 be 
discarded; 

= Acta of the catchment, Small Catchments require less water to flush out contaminants as first 
‘Ash; and, 

+ Intensity and amount of raintall: This is one of the most important factors that determine the 
amount of water thal will need w be discarded. Ifthe first spell of rain is an intense 
vain, then in a short span of time, more water will be dolivered. When the intonsity of rain is 
less, nants ancl begin delivering clean water. 


jor the eatchment, more 


vaill take a longer time to get rid of cor 


inst Nush devices range from simple manual devices ~ that require a person to monitor and 
regulate the Now of rainwater ~ to automatic systems based on fixed volume and flow rate 
principles. For Indian conditions, whore rain falls in short, intense rain spells the manuuil 
arrangement is a practical solution 
Pacoy and Cullis recommonds that the 
first 15-20 minutes of the frst rainfall 
bbe disearded as frst fush.? 


Manwat downtake pipe flap or valve; 
The simplest first flush device is the 
downtake pipe which has a closed end 
with a cap. Daring the first spell of 
rrain, this eap is opened so that the first 
Tush of water flows down the pipe tni0 
the drain, ‘The cap iy shut later and the 
water is dineeted into a pipe that loads 
to the storage tank or recharge 
structure, 


Fixed volume firat flush system: 
Another option is ta have a tank of 
fixed volume that can receive the first lush diverter manually operated by end cap 
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initial rainwator. ‘The intake pips is closed off 
with «manual or automatic valvo, Tho wator 
im the tank can be emptied out and used for 
gardoning of lerigation. An auiomade shut-of? 
system can also be a simple ball-cock system 
that is commonly used in water storage tanks 
to cut-off supply of water Whon the first flash 
‘tank is filled up, the supply will be directod to 
the storage tank. 

What should be the volume of a first Mush 
tank? As outlined before, this deponds on a 
umber of factors. As a thumb rule, for an 
area of 100 square metre (sq m), a frst Dusk 
‘volume of about 40 Titros should be thrown 
away, Thus, for every sqm of roof area, a 
volume of 0.4-0.5 litres should be thrown away 
as first fush.* 

Systoms are also available wherrby 
Separate arrangemonts for removing first Dush 
and Oiltration are not necessary. In the case of 
readyinade Mer solutions such as found in 
Madhya Pradesh, the first flush is incorporated 
with 
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First flash diverter manually operated by ¢ eater 
FILTERS. pig ation Us belay ened (x Dewan, Machu 


Filters are needed to remove fine particles of dust or bacteria frora the water. filtor unit is a 
‘chamber filled with filtering media such as layers of boulders, pebbles, gravel, coarse sand and 
fibre to remove debris und dirt trom water before IC enjers the storage tank or recharge 
structure. Charcoal can be added for additional filtration if water is to be used for humai 
eonsuanption 

Selection of a filter depends em: 
+ Purpose of use 
+ Quality of run-off 
+ Typo of catchment 
‘+ Amount of silt load 
+ Type of recharge structure 


Figure 8.3: Simple sand titer 


1 tape of simple sond fer 
designed by VN Shaft It 
thus ce combination of sand, 
pebbles and charcoal 
‘Type of simple ond filtr boing used in the Association of Engineers iuhin w PVE pipe. A nylon 
‘nuitding, Kotkata 1" has gravet and pebites leire mesh covers dhe inlet 


Simple sand filter: § simple bucket or drum can bo used for Gitration of wator inio a storage 
twnk, The drum must be lined at the bottom with gravel of average siz0 2mm in diameter. Then 
4 layer of coarso sand is added which is the main filtering medium. Over this another layer of 
coarse gravel is puto prevent the sand being scoured hy the inflow of water. Where water is 
being recharged, the filtration materials are coarser and made up of pebblos and gravel. The 
simplo sand filter (seo Figure 8.2: Simple sand filter) exn be enhanced to function more 
efficiently by adding materials such as charcoal and jute cai, 

(The basic combination of sand and gravel is todsy used to make ready-made flters such as 


Varun filer, Dewas flter, Amber filter and Vinayak fer, 


Dewas filters: Ihe filter consists of a PVC pipe, 140 mm in diametor and 1.2m in length, It is 
placed horizamtally. iis divided into three chambers, all filed with pebbles of dilferent sizes. 
a diameter; the second, 


The first chamber has the simallest pebbles, approximately 2-6 


pebbles of 6-12 mm and the third, pebbles of 12-20 mm diameter. At the end of the nal 
‘chamber, there is a wire mesh, through which clean water Nows. The water thus filtered is used 
to recharge groundwater. The filter was desluned by engineers of the public health engineering 
department, Dewas. 


Forrocement filter: \ ferrocement tank is built using jelly (coarse blue metal) and charcoal as 
the Mer medium. A 6-Inch layer of charcoal ly laid over a 6-inch layer of jelly of 40 mm 
thickness, This type of fter is widely used in the RWII systems in Kerala, fitted over ferrocement 
tanks. A forrocoment filter of 20-30 litres capacity eosts approsimately Rs 3,000 


Varun filter: This simple Mer was desiyned by 3 Figure 8.4: Varun titer 
Viswanath, @ Bangalore-basod WH expert. An 
ordinary high-density polyethylene (HDPE) or 
ferracoment drum of about 90-100 Titres is used to 
house the filter made of a combination of sand, 
gravel and charcoal. The lid of the drum is punched 
‘with holes to Jet in water and prevent larger 
contaminants such as Inaves and other large 
substances, As an alternative, nylon mesh ean be 
‘ded across the top of the drum, 

‘The deum is fillod to a height of maximum 12 
inches (0.3 metros) with layers of spoage and sand 
for gravel and sand (see Figure $4: Varun iter) 
Addition of charcoal as a filter medium helps ia 
improved filtration. This drum can handle water 
from « roof eatchment of about 50 sqm and an 
intensity of about 50 mm/hour. For # 100 sq in oO 
catchment two such drums ean be used. A filter that (mae 
can service a rocflop area of 100 sq m (price in 
Bangalore in 2006: Rs 4,500): 


‘Rainy filter: The {her medium used hore Is @ low carbon galvanised steel cylinder with a mesh 
size of 250 microns. The filter is enclosed in nn outer easing of polyethylene and tho filter can 
‘withstand a rainfall intensity of 75 mnv/hour. The working of the filter is based on the prineiplios 
of cohesive force and centrifugal force, The filter comes in four sizes meant for & roof catchment 
area of 110 sqm, 225 sqm, 350 sq m, and 500 sqm, The price ranges from Rs 5,850 10 21,375 


Figure 85: Rainy Stor 
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nelusive of taxes). Ik cunnot remeve 
bactoriological contaminants. It can be used 
for recharge systoms where the water will 
further undergo filtration through the soil, IL 
is designed and marketed by Farmland Rain 
Water Harvesting System based in 
Chickamagnlur, Karnataka (soe Figure 66: 
Rainy fitter 


Amber filter: "This has been developed by 
Ascaciatian for Motivation of Biosphere and 
Environmental Revolution (AMBER), a non- 
governmental organisation working in 
Bhopal, It is fitted on to the downtake pipe 
and consists of a section for the first flush 
and another section containing the filter. At 
both ends of the flier there ts an tron or 
aylon mesh that acts as a sieve. A charcoal 
layor is in tho contre of the filter, which has 
Inyers of gravel, pebbles and sand, arranged 
symmetrically on both sides, ‘The entire Mier 
length is about a motre Tong for an area of 
about 100 sq m. Fillered water goes down 
the downtake pipe. A 6 inches dia filter costs 
Amber fier Rs 6,500, 


Pop-up filter: ‘The pop-up filter has been designed by Karnataka State Council of Scieneo and 
Vochnology and is currently being manufactured by Raj lrvitech (0) td, Ahmedabad. It has three 
‘components —ralawater receptor, lush valye-and filter element. In the receptor, rainwater flows 
through the dawntake pipe provided with a Mush valve which flushes out the the first low along 
with leaves and dust, Water recrived in the receptor flows upwards against gravity through 
filtor element that filters out most of the floating elements and allow water to stabilise in this 
filtration zone. It later Nows out through an outlet, which can be led 1o a storage tank. The filter 
‘element is mounted on a vertical stabiliser pipe with a friction Mt 


Figure 8.6: Cross-section diagram of pop-up fiter 
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‘Source: Famatata Sate Coun a 


Figure 8.7: Croce.cection diagram of 
Vinayak fiers 
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‘Table 8.1: Cost of Vinayak fiers 


The filter element needs t be cleaned 
Diameter of fiter Cost (Rs) periodically during the rainy season to remove the 


filtered material As such, when the filtor oloment 


pt ea) ‘gets clogged, a built-in safety mechanism pushes out 
pce E30 the filter element from the stabiliser pipe and allows 
SG iches aia 1500, the water te flow out freely. This prevents Nooding of 
| sour: vaya Wate iter sotto ‘the rooftop due to the clogged filter, When rainwater 
Dewas starts flowing out of'@ vent hole provided on the top 


of the filter element, itis the first indication of the 
flor cloxging. 

A pop-up Biter of 110 mm can handle water from a roof area of 1.000 sq foet (93 sq m) with 
fan annual average rainfall of 1,000 mm. The cost of a filter that caters to a roof area of 1.200 
sq feet (111 sq m) is RS 3,990. 


Vinayak filter: This fice has been developed by Vinayak Water Solutions. Dewas. The flltor has 
6 em layor). On top of the charcoal layer is 5 em of gravel and below 
the charcoal layer is 5 em of sand, Each layer of filter material s separated by a nylon mesh. At 
both ends © ¢ idenileal layers of gravel (10 em). The entire filter media fy enclosed in 
PVC pipe that is closed at the cop with an inlet pipo and at the bottom with an outlet pipe (seo 
Figure 8.6: Cross-section diagram of Vinayak filter| 


aconteal layer of charea 


Desliting chambers or settlement tanks: Desilting chambers are designed to remoye silt and 
other floating impurities and prevent clogging of tho recharge structuro. They are necossary for 
catchments that produce a large load of silt, tro leaves and other debris such as schools, 
nlonies, farmhouses or other large establishments. Typically, rainwater that is 
‘collected from the catchment is diverted by drainpipes to a seitlement or destiting tank and the 
dirocted into the recharge well, 


colleges. 
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A desilting chamber is like an ordinary storage container having provisions for inflow of 
water from the catchment, outflow of water to the recharge well and allows for overflow of 
water. It can be divided by a baile wall into two compartments where tho Grst compartment 
collects water from the catchment, reduces the velocity of water, resulting in settlement of 
‘coarse impurites at the bottom, Water from the first chamber overflows from above the bafle 
wall to the second chamber, which i filed wih filtering materlals ike gravel aud pebbles, This 
sorves to furthor arrest impurities in the water. 

Apart from removing silt from the watar, the desilting chamber acts Hike « buffer in the 
system, In case of excess rainfall, the rate of recharge, especially of borewells, may not match 
the rate of rainfall. In such situations, the desilting chamber holds the excess amount of water 
till tis soaked up by tho rochargo structure. Any container (masonry or concrete underground 
tanks. old unused tanks. pre-fabricated PVC or ferrocement tanks) with adoquato capacity of 
storage can bo used. 


Sizing the desilting chamber: This is similar to the principles used for sizing the recharge pil. 
(See Chapter 7, Section 2 for details) 
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Maintenance 


The standard of o 


Inievance of a rainwater harvesting (KWH) system determines bot the 
quality and quantity of water harvested, Reiawater is one of the eleanest suurees of water, 
exeopt whore the aimosphoro is likely ta be polluted by industeial or other uekaa aetivitios. To 
make the most out of the RWH sysiom, a number of preventive and curative measures must be 
undertaken as part of a regular maintenance and monitoring programme, ‘hese measures are 
meant for every part uf the RWH system ~ tho catchment areca, the conveyance system of pipes 
and gutters, storage tanks and recharge systoun 

Water from a clean roof eatchment is nearly of potable slandurds and need Idle Further 
{realment even for drinking purposes, Keeping the roof clean is the simplest and the most cost- 
effective way of collecting quality rainwater 


PREVENTIVE TIPS 


The root 

# Clean the of eatehment and 
outlets thoroughly before the 
onset of the rains. Thereafter, 
clean the roof regularly 
throughout the rainy season 

| Wash or sweep the roaf 
clear away dust, leaves, bird 
droppings and other debris, 

= Trim overhanging (row 
branches. This will minimise 
entry of leaves, branches, 
bind droppings and animals 
into the ¢ 

© On metallic roofs, paint 
rusted portions and fix holes. 
(01 tied euuis, fx broken tiles 

= Ensure that the eniry of 


ichtwont area, 


downtake pipes or gutters are 
screoned with a leaf-mesh, 
which will prevent the entry 
of debris into the WH 
systom. 

+ knsure that the roof has 
proper slope towards the 
coullets, which in 


slope 
lowards the dowatake i 


so that the water flows 
naturally away from the root 
and does not stagnate, 


Corrugated iron roof catchment, Woodstock School Muswoore 


Leaf sereens 
© Clean the roof and leaf mesh regularly. especially before the onset of rains 

+ Replace damaged or dafective screens or meshes. 

+ Ensuro that the leaf screen fs fixed in such a way that water drains owt of tho roof easily 


ters and downtake pipes 
* Gutters must be securely fixed to the walls. Check that wall brackets are in good shape and 
holding up the gutters well, That way water will not spill over: 

+ Chock that gutters are sloped towards the downtake pip 
Clean guiters of accumulated debris, dirt and dust befor 
the lengt of the gutter with a leaf mesh or screen, 

+ Check that downtake pipes are not broken 
4+ Inspect joints for leakages 


he onset of rains, [possible cover 


Dountake pipe neatly fized on wall, Woodstock School, Mussoerie 


First Mush dev 
* ean removable caps on downtake pipes of any sludge or stagnant water, 
+ Clean stagn In frst sh tanks, 
+ thes tobeck Mit is 


a proper working order. 


alters 
+ Tako out the Miter materials, wash or if necessar 
+ Replace coir, sand and other fine materials 


oplacs then 


© Romave, wash and replace sand 
+ Clean out accumulated silt 


0 caro warn wens 


Storage tanks 

= Clean tank, remove silt, and dirty 
water at least ance a year, 
Whitewash walls if necessary, 
Ensure that the tank is properly 
covered and all light excluded to 
prevent growth of algae and 
bacteria, 

= Make timely repairs 10 prevent 

Jally in ferrocement 


cracks, esp 
tanks, 

= An additional measure to keep the 
water clean could be the provision of 


a.coarse filter or amesh at the end of storage tank after its annual cleaning, at residence of 
‘tho inlot pipe Teacling into tho tank. late 0 P Sharma, Indore 


Recharge structures 

= Annually, desilt recharge structures. 

= Romove and wash fitoring materials such as pobblos and coir and replace when nocessary. 
Pat iron mesh to caver all stormwater drains 
‘Clean open drains regularly by removing deposits of sand and gravel, 

= Cover drain outlets and inlets with irom mesh. 


Impact of defective construction and maintenance 


Defective construction and badly maintained rainwater harvesting (RWH) systems can be a source 
of problems. In Cuddalore, Tamil Nadu, RWH systems have been implemented in all bulldings at 
part of a mandatory tule, the state government has provided standard specifications ior 
construction of RWH systems under the Groundwater Regulation Act, 2003. However, when 
scientists from the Vector Control Reseaich Centre, Pondicherry undertook a study in 2006 on vector 
proliferation in the town, they found that faulty maintenance practices had led to the stagnation 
of water and mosquito breeding. 


‘Table: When maintenance takes a backseat 


‘Type of maintenance fault Result 


Lack of regular clearing offing material Stagnation of water in percoation pts 
pareaaton pits tanks 


(Cracks on sidewalls of percoaton pts 


Entry of ovpostirg female mosquitoes 


Blockage of conveyance pioes by gatbaze Stagnation of water on roots 

Cbstraction of PUC pipes linked to wale with detris Stagnation ofwater 

Damages to conveyance structure Leakage of rsinwater into street drains or seepage 
of suage wate nto te sistem 

(Gpen platic/ron drums used for harvesting rairwatee | Promoted mosquito proferation 

‘No conveyance pipe in system or percolation pits | System does not work, stagnation of water 
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MAINTAINING COMMUNITY RWH SYSTEMS 


Maintaining RWI systems in colonies or high rise buildings presents additional challenges. The 

success of RWH depends an its regular inspection and maintonance. Krom the very beginning, 

systems must be made to put in place for this to happen automatically. The system will include: 

+ Identification and training of persons who will carry out regular maintenance. 

© Fund allocation for maintenance. 

+ Setting up a committee and a system for election of members who will be responsible for 
maintenance, 


= Awareness creation of all residents so that all citizens contribute to the malntenanee. 


Maintenance taske 


ay 


The storage tank avec ta be washed The trench tas to be free of debris 
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‘Stop-by-step cleaning of recharge structures 


“Ea 


‘Put back the parts of the recharge trench 


Clean recharge bore and filter material 


<snuimnamem (So 


Rooftop covered wer by leaves Cracked downtake pipe 


Downtake pipe not connceted to the roof 


Broken conduit system (pipe leading from rooftop Cracked HCC cover of « recharge well 
to recharge well, garbage dumped around the 
recharge well 
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Rainwater quality 


One of the first quostions that people ask — — 
about rainwator—isitof good quality? tsitht | AWOIM diseases, use rainwater | 
for drinking or cooking? Can. it be used for | IN recent years. fluoride and. arsenic 
hhouschold purposes? Ralnwater is less | contamination of groundwater has become 
susceptiblo to contamination, expoctaly when | widespread in india, W resus in tuores, 
compared to groundstater, which has become | (which affects the dental, skeletal and 
a major source of water. Ibis usually free of | neuroleaial system and asericoss(cancars 
colour and odour and there is less likelihood | of the skin, bladder, lung) and aggravates | 
of i being contaminated by human faeces or | dlabetes and kidney rafunctons Treatment 
chemicals ~ which leach into groundwater. | iexpeneive ahd mostly irevenibe, | 


Rainwater also does not contain minerals, While there are efforts to develop filters 
‘Thus its use is an effective way to lower | tosepararearsenicand fluorides out of water 
groundwater extraction and avoid | these are expensive and need to be handled 
sroundwater-related diseases (soo Box: Avoid | carefully. A simple method to avoid 
diseases, use rainwater) ‘contamination would be to harvest rainwater 
Rainwater gets contaminated at various | and use it for drinking and cooking purposes 
points in the system whon it is pourly designed | Thismethod i being taken upon a large scale 
or maintained (soo Table 10.1: Sourere of | inaffected aressin indie end Bangladesh. 
contamination andl prevention methods). Thi ie al 
is why, when designing the system, It is 
important to Koop quality issues in mind. Thereafter, regular cleaning and maintenance 
‘measures ensure good water quality. Whore rainwater is used for drinking, additional protection 
an be secured through a variety of measures, 


TYPES OF CONTAMINANTS 

Rainwater is contaiinaied when tt combines with heavy metals and other impurities that may 

bo present on the roof, in tanks or other parts of the system: 

* Debris: Visible contaminants such as leaves, tivigs, bird or animal dropping, insects and dust. 
‘These materials can harbour invisible micro-organisms as woll as traecs of pesticides or 
other chemicals, 


* Minerals: Found naturally in the enviroument as inorganic salts such as sodium bicarbonata, 
Sodium chloride and other similar salts of ealcium or magnesiuma. The presence of minerals 
makes water hard. Rainwater is virtually devoid of salts and is normally slightly acidic 
because of dissolved carbon, sulphur or nitrogen. 

* Metals: Contamination takes placs from metallic elements such as lead, copper. iron and zinc 
found in construction material used for roofing and in pipes and fittings. This could affect tbe 
look and taste of water 

+ Agricultural chemicals: ‘These are usually found where surface land areas are used os 
catchments and where agricultural chemicals have been used for crops such as fertilisers or 
pesticides, 

* Construction chemicals: A wide array of chemicals aro used in th 
such as water-proofing chemicals, water repellents, tile adh 
and oven simple paints, 


‘construction industry, 
0s, anti-corrosive substances 


‘Table 10.1; Sources of contamination and prevention methods 


[Pa of Restor [Contaminants &eurce | Provenon maths 

| Ra Shaner fom |< ora a ane 
surname tes “rmovenangng tances 
tacoma temorfains! | Sas mash 


‘Organic debris euch a¢ eaves | * Avoid pated /reated reols 


| 

| ereppiras ‘Fast tus 

| 

| cr othe plantmaterals ram | * Avoid vesting weer i areas close to places 


| everkanang tees where thera may be cortinuous presence of ar 
| tonic enemas if roots pollutants such as ftom cemert pants and other 
| treated galnted or ie made of || industiog 


Conveyance bes ar | + Tone ctencals, wen = Crowe conveyence pes ore ede of toc 
asters, conveyance stems we made | sbstonces 
af materia that can each | Regular earing of pes and guters 

font ebtncet | sFhing tes end is them agcooratlto 
sheaemite dest orcetis | prevert wate stegraing 

‘Storage tanks += Mosquito larvae where tenk Te Propet sealing of covers, reguar cleaning of 

waters ot rene ercected | tanks 

{> preveteiy of seutoes | oFier syste a ctr pois nto tars 


| 
| 
| seedasoesos | 
| 


| sDuctordests treme” | sUse orto: eter lace, meta, 
pret cent, ick nso, feet | 
| sGruthottactaa ase | Pret suit fon ettng a | 
| Uneundsrace | Dust, st baca onan | «Procer sae cf conrs | 
pee |"‘croschonibd corti, | shred cer of ta | 
| seweee | testes at erty pons to tanks 
| Sheed wee ees etntaerpears 
| “Chemcas ar used 
recurge smtens | ust nds ar potas, | +A ater rom cattnens minds aes 


i} sit bacteria, onganic debris, | * Regular cleaning of deitation chamber and 
chemncal contamination, | rectarge tanks 

I ‘enage reeuting ram non | *Agnual manterarcs cf tar media 

| mantenance of rectante tanks | Ste tanks faraway tom sewage pipes/soakits 
and iter mecia ‘Regular repair of storage tank walls 


‘+ Volatile organic compounds: These are either present in the air and absorbed by rain or rises 
from land surfaces. There is a danger of contamination when water is harvested in industrial 
areas and typical contaminants could be of, grease, solvents and petroleum products. 

+ Biological contaminants: These can be bacteria, viruses or fungi and the source for this type 
of contamination is the RWH system itsolf. Theso may be diseaso-causing or benign, but 
either ease they must be removed for potable purposes. Microbiological contaminants are 
ever found In the rainwater Itself, but may be present in different parts of the system such 
as the roof, the storage containers, guiters or even in the filter systems, where maintenance 
and cleaning aro not regularly done. 


PURIFICATION OF HARVESTED RAINWATER 


When rainwater is used for drinking. an extra level of purification can be undertaken. This is over 
and above the filirauion and maintenance measures. Biological contaminants such as bacteria, 
Viruses, protozoans and eysts can be removed by a yarioty of disinfection measures, which include 
boiling, chlorination, miero-filtration and ultra-violet (UV) treatment. There are also readymade 
systems basnd on activated carbon, reverse osmosis and ion exchange that are more expensive. 
‘The World Health Organisation has set some quality benchmarks for the maximum level of 
contaminants allowed (see Table 10.2: Quality guidelines for harvested rainwater) 


Table 10.2: Quality guidelines trom harvested rainwater 
| Parameter Guideline valve 


Fascal col form of E.coli [Not detectable in 2 100 mil sample 
‘aria __ | 0:2 mes devel ely t est consumer complanis) 
adem 3.963 me 
Cooper 2meh 
Cioride 250 mag (evel lke to rest in consumer complaints] 7 
Fuorde 15m 
ton 13 mA eval ay suk eonsurer complans) z 
lead a0 mal = 
Sodium 200 mgA (evel ikey to reslt in consumer complaints) 
| sae 20 mg fre ey ved commer compat) 
| tity NTU eel ly to rest i constver conan) 
“lal dssohed sos 1,000 ig feel tay to resut mi conser complains) 
ime [3 me evel tesa w conse ones 
ote These gene fh Word Heath Organon, 596 a 
Scar ke Wey 206," uly eam Dane eens, OPAC Macao ep, FD. 16 


Bolling: This is an effective purification method and simple to carry out. After the wator comes 
‘o a boil, it should be allowed to do so for 10-15 minutes. This kills off the micro-organisms. 
Boiling can also drive away some of the volatile organic compounds, It can also have 
concentrations of harmful contaminants that do not vapouriso such as lead, mercury, pesticides, 
and nitrates. Boiled water must be flltered through a candle for and kept covered. For poor 
‘ouseholds this is an expensive method of disinfection as commorcial fuel casts are quite high. 


Chlorination: While chlorine is used in largo trestment processes, i fs unsafe fur domestt uss, 
Ieshould only be used if you suspect that the rainwatar has been contaminated by animal facces 
or there are signs of sickness after using rainwater. Although chlorine can kill a range of 
bacteria, it may no kill all viruses oF cysts. 

lus offoctiveness dopends on the correct desage and the contact time —the time during which 
chlorine is present in the watar til the ime i is used (soe Talo 10.2 The treatment efficiency 
af chlorine. Chlorine dosage is based on the froe residual chlorino (FRC) or chlorino that is 
available after it has combined with the contaminants 10 prevent recontamination. Ideally. 
dosage should allow for free chlorine at a concentration of 0.3-0.5 my? after 30 minutes, The 
general thumb rule is that an initial dose of 5 parts por milion (G mg) of chlorine will provide 
ths residual Ifthe stored water isin a tank, thon chlorine must bo mixed with water in a 
separate contalner before being added to the stored rainwater, Alter adding chlorine to tho tank 
water, mix it well? 


‘able 10.3: Common chlorine generating products and thelr chlorine contont 


Product Strength | Remarks 
‘High Test Hypochlorite HTH) 65% - 70% | Usualy in granular form. Stable (2% active 
(caleirm hypochlorite) core loss per yor). 
Chlorinated Lime, ka 30% Usually in ponder form, Not stable, a 
| Beeching Powder | 
| Household each 258-108 Lai form. Not stable; only ase f manufactired rec 
| (Sodium hypochlarite) (© 3 marth, and stored anay from hest and Fe. 


Sadun DiioroRccranvate SCR 60% grandes, | Usvaly nal fon, aso alae anor 
(DCD sedin routs | Sng > bg acive | form. alls regoced br water Weare 
0h 25 Paulas Hone pete” | Vary able tet Ho years 


Source: bts nw crust onlesatlFiaicreine pf a uayod m Mach S013 
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Direct sunlight: In India, solor radiation was used to disinfoet water since ancient times. In 
tic transparent bottles can be disinfected by solar radiation 
‘and heat. The efficiency of the disinfection will increase by painting one side of the bottle black 
to enable i to collect and radiate sun's heat. The water must be clour, the weather fine and the 
‘water cooled overnight before consumption. 


modern times, water in clear pl 


SODIS: SODIS or Solar Wator Disinfection was developed by scientists at the Swiss Federal 
Institute for Environmental Science and Technology (EAWAG) as a simple method of diss 
‘water in tropical places where sunlight is available. 11 consists of three steps: (1) Si 
filtration to remove solid contaminants: (2) aerating filtered water in clear plastic bottles (P 
boitles): (3) exposing filtered and aerated water te sunlight for & minimum of 5-6 hours. Both 
solar heat and radiation help to disinfect the water, This can be used for small volumes of low 
turbidity water, The system is highly effective against bacteria, viruses und protozoa 


Ultea-violet rays: Ultra-violet (UV) disinfection provides a concentrated UV radiation, commonly 
through a low pressure quartz mercury vapour lamp. The effectiveness. of disinfoetion will 
depend on the electric power of the lamp, distance of water to the lamp and time of exposure. 
Watar must be pre-treated and devoid of turbidity to be effective. Water lows around the lamp 
inathin film. Thisis a clean method of treatment as no chemical additives ar added and it does 
not leave behind any residual matier. ‘There Is also no change in taste or odour. Howover, the 
cost is relatively high and requires dopendable electricity supply: 


CASE STUDY 
RAINWATER FOR DRINKING AND COOKING, RESIDENCE: R RAMANI, CHENNAI 


R Ramani of Korattur, a suburb of to the north-west Chennai, once known for fis lakes and 
ponds, has brought about a total change in the quality of the water from his open wel 

The water tn his upen well was not potable as it was brackish and had high levels of iron. He 
implemented his KWH system in 1988 so that he could get water for drinking and cooking 
purposes, His system ie « living example of how it is possible to mest all water needs for drinking, 
and cooking in an urban situation, even for a residence that houses throe families with 13 
persons. He has aot purchased even a drop of tanker water since he implemented rainwater 
harvesting. The 25-year old system is still functioning perfectly 


‘Querheal tanks on roof with filtration tanks 
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WATER REQUIREMENTS. 


Mr, Raman‘ estimates that the annual drinking and evoking needs of the families that live in his, 


bungalow to be 48,600 litres. His rooftop area is just 108 sq m and his storage capacity 1s also 
not vory large — just 6,000 litres, Thorefore, he has to roplenish his storage at least cight times. 
Chennai receives rain from both the southwest and the nerthasst monsoons and additionally 
during cyclonic events. Thus it is possible to use rainwater for all patable purposes for the entire 
year. In fact, out of the total rainwater collected, only a uilrd of the water ts used for drinking 
and cooking and the remuining is used Lo rocharge groundwater. 


Collection-cum-fltration tank Filration system bajore use in bitchon 


Drinking water 

So, how does Raman] ensure that the water Is potable? Water is collectod in a eollection-cum: 
filtration tank and after initial filtration is pumped t a separate section of a storage tank on the 
Toof. Before entering this Lank, water undergoos seration and filtration through charcoal. This 
‘water goes to a set of filters made up of river sand, charcoal and pebblos. ‘Then itis directed to 
@ Aquaguard home filter after whieh this water is used for cooking and drinking, 


Filtration stages for potable use 
Stage 1 Stage 2 Stage 3 
Setting, coarse Aeration, charcoal, River sand, Stage 4 
mesh, pebbles of pebbles pebbles, charcoal, Aquaguard 
diferent sizes activated carbon 


Domestic use 
The overflow from the collection tank on the roof and water fom paved and unpaved areas is 
irocted to a filtration tank and is then directed to thrwe types of recharge structures: open well, 
a baby woll and wo recharge pits. Water from the open well is pumped to an overhead tank 
where it undergoes aeration and filtration through charcasl before being stored for uso. 


FFitraton stages for domestic uxe 
Stage 1 Stage 2 eae Stage 4 

Settling, coarse Sand, pebibies, Rasiepin Aeration, charcoal, 

mesh, pebbles of aeration in fitration sola pebbles of water 
different sizes, tank & from well 
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TRANSFORMATION OF THE OPEN WELL WATER QUALITY 


In the 1980s, the open well water was unsuitable for any use as It was high In iron, salty and 
brackish, As a result of regular recharging sinc 1988, by 2001, the open well water had become 
clear and potablo. Today, even in summers or non-rainy days, this wator is of vory good quality. 
Water stored in the rainwater tank that was tested for microbiological contaminants was found 
to be completely free of faecal and total euliforms (see Table 10.4: Micrabiolagical test results). 


“Table 10.4: Microbiological test results 
Parameters Units | Porissibie 1994 199 | 2012 
4 65-85 7 a 75 
Turbicity NTU 10 5 2 2 
Titel dssohed sold my) 2,000 3328 1,35 7 
Toialharhess as acd) | mel 6d 00 540 0 
ta aalniy (as ca00) | mg | 60 360 420 “4 
ron (as Fe) mA 03 NL trace trace 
‘Note Sample of 12.5.8 nes eed 58 Sinkutesa Exton, Masa snple of 9499 a tein he wa rats 
{ot Chena meen sample 2012 wa ese ne te rat OF Chetan Moar 
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CASE STUDIES 


The water team of Centre for Science and Environment 


has at least 25 years of engagement with rainwat 
harvesting in India. It all began with documenting the 
country's traditional water harvesting systems which 
culminated in the seminal publication Dying Wisdom: 
Rise, fall and potential of India’s rainwater harvesting 


systems. 


For this present study, the team has extensively 
travelled to different parts of the country to study and 
collect instances of modern rainwater harvesting 
systems. More than 80 case studies from the urban 
and peri-urban areas of the country were reviewed, 
and many of them feature in the pages that follow. 

Surveys were carried out in different physiographic 
and geologic regions of India. Different approaches in 
regions of high and scanty rainfall were analysed. 

A review of the systems in residential, institutional, 


industrial, commercial and slum areas was also done. 
Studies of the existing traditional structures were 

also made to understand the usefulness of such 

decentralised systems. This section includes a look 


into bigger recharge structures like ponds and lakes 
as well 


CATCH WATER 


ronment 


Residences across the country are adopting rainwater 
harvesting (RWH). A family in Mysore has separate 
arrangements for municipal water and rainwater. A 
businessperson in Kolkata uses rainwater just to wash 
clothes. A government residence in Meghalaya uses 
rainwater for cleaning and gardening, thus saving municipal 
water 


Schools, hospitals and some religious bodies have been 
some of the greatest beneficiaries of RWH. With their bulk 
water requirements, stored rainwater adds to other supplies, 
such as municipal water. Even India’s Presidential Estate has 
a RWH system 


Industries balance their groundwater intakes by recharging 
clean rainwater into the aquifer. Hero Motocorp in Haryana is. 
going in for its fifth expansion of the RWH system 


RWH has been adopted in a wide variety of urban situations - 
from a balwadi in a slum to a sports complex 


Citizens’ efforts have cleaned up lakes, which are in effect 
large recharge structures 


India has a rich tradition of traditional water harvesting 
systems which range from 20-year-old tankas in residences 
to large structures in forts. Some pre-Independence 
government buildings built by the British also have simple 
RWH structures 
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Residential 


Independent residences 


A100 sq m roof area 
and just a 1,000-litre 


storage tank is 
suffi 
drinking and cooking 
needs of this family 
of four members 


jent for the 


throughout the year 


RESIDENCE OF H RAMESHA 
BOGADI, MYSORE, KARNATAKA 


The family of H Ramesh next to his 1,000-Htre kitchen tank 


HW Ramesha, an engineer with the Kaveri Irrigation Corporation, built a 
rainwater harvesting (RWI) system in his home in 2003. With a farnily 
of four, he had ta sourees quality water, and looked to the skies, He tock 
into account that Mysore receives good rainfall (or $-9 months a year. 
‘The house has 4 100-sq m roof which captures rainwater to be stored 
in three tanks, Just the kitehen tank of 1,000 litros suffices for all 
drinking and cooking neods, The water stored in the hathroom tank (af 
5.000 litres) is used for washing hair and bathing while the 
underground sump (of 6,000 litres) is also used for bathing. 


WHY: A CONCERN ABOUT QUALITY 
Before this house was built. Ramesha lived in the same area ~ Bogadi 
— which is dependent on municipal water supply sourced from 
groundwates, The water was not potable being highly saline and 
having a high total discolyed solid (TDS) Iovel, Vani, Ramesha's wile, 


oT 
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says: “Food cooked with the municipal supply gots discoloured and 
even spoilt overnight.” The family found the water quality unsuitable 
oven for bathing purposes. Thus, the impetus for collecting rainwater 


in their new house. In fact. they even have separate taps for municipal 
waver and ralnwater in the khchen, 


‘Seales being removed from the overhead tank which stores municipal water 


Even in the new house, p= 
te tank that stores | High TDS in municipal water 
municipal water — which has | A vendor who installed a solar water 
high levels of TDS or total | heater inthe house tested the water 
dissolved solids - collects a | from different sources and confirmed 
Jot of scales (see Box: High — | the high TDS levelein groundwater 
TDS in municipal water). | in the Bogadi area. 

This is borne out by tesis | 
conducted by a yendor who 
Installed « solar water hea 


ln the new ho: 


RAINWATER FOR DRINKING 
‘AND COOKING. 
Rainwater from the raat is 
directed to three storage 
tanks which includes the 
1,000-Iltre Kluchen tank which siores water fur cooking and drinking. 
Municipal supply is used for bathing the three months in a year wher 
it does not rain, and for cleaning and gardening round the yoar 

An elaborate system collects water for the kitchen tank. Rainwater 
Is frst directed to a filer tank. Before entry into the Mlter tank, a mesh 
Fitors out the coarse contaminants, The Biter tank, ia tura, leads to the 


Notes: DS: oti iscved old BS: Bureau ot | 
Ind Sari, tralia per Ive 
Seer: Rares 


System details 


Roof area: 225 sqm 
ks 


Storage systems: 3 tan 
Kitchen tank: 1,000 tres 


Bathroom tank: 
5,000 litres 


Underground sump: 


6,000 litres 


Recharge system: 
Rechange pit: 4 xa fica ft 


Cost: RS 12,000 


(excluding cost of sump) 
Year implemented: 2095 


Designed and 


implemented by: 


H Ramesha 


“Rice cooked with the harvested rainwater ts saft and white as jasmine,” 
says Vani, we of Ramesho 


large 1,000-litre capacity tank, placed next to the kitchen, From this 
tank. pipes bring water to the kitchen directly. Inside the kitchen, 
water is fliered through a branded drinking water purifier. 

The RWH system has clearly proved benoficial. Ramesha has since 
‘added on to the rainwater harvesting capabilities in his home. An 
‘additional system to tap water from x sloped section of the roof, 25 sq, 
m in area, has also been built, This water is directed to the 
underground sump. 


tpact 
‘Ramesha estimates that his total water demand annually is 1.8 lakh, 
litres and he gets about 80,000 ites from rainwater. Thus, almost 50 
por cont of his total water demand is met by rainwater. 


Rainwater is used 
for drinking and 
cooking for this 
Family of four the 
year round, The 
municipality does 
not provide water 
and the area is 
entirely dependent 
on groundwater 


RESIDENCE OF N ARUNACHALAM 
KADACHENANDAL, MADURAI, TAMIL NADU 


‘The residence of N Arunachalam is located in the Kadachenandal area, 
‘outside the municipal limits of Madurai. He is an engineer, once 
employed with the Public Health Engineering Department of the state. 
‘The fourmember family uses rainwater for drinking and cooking 
throughout the year 


WHY: LACK OF SUPPLY 
‘The area where he lives is 


serviced ky municipal water supply. Its 
entirely dependant on groundwater, which is pumped up through a 
borewell. Arunachalam had the rainwater harvesting system built in 
2005 to capture quality water, 


RAINWATER FOR HOUSEHOLD NEEDS AND RECHARGE 
‘The size of the roof is 174 sq m and water from the rooftop passes out 
through two outlets. One outlet leads to a collection chamber and the 
water is then direcied to a Miter tank placed on the first Noor of dhe 


System details 

Roof area: 174 sqm 
Storage system: 1 storage 
tanks 3.66 mx1.22mx249 
1m (stores 20,695 litres) 
‘Recharge system: 
‘recharge pt (90 em dia, 

3 mdeptt) 

Year implemented: 2006 
Cost: Rs 44,000 


Designed and 
Implemented by 
WN Arunachalam 


house below the collection chamber, It consists of four layers of fuer 
media: pebbles ~ 20 em, charcoal ~ 20 em, sand mixed with charcoal 
in tho ratio 1:1 ~ 20 em and fine sand - 10 cm. 

Filtered water is led to an underground sump of 10.895-titre 
capacity. This water is then pumped up te an overhead tank, which is 
mainly used for cooking and drinking, If there ts excess water, then 
rainwater is used for mopping, car washing, among other chores, The 
overflow from the sump is directed to a recharge well. This water 
recharges the groundwater which is accessed through @ tubewell at a 
stance of 2 m from the recharge well, 


impact 
“The family’s monthly cooking and drinking water demand is about 600 
Uires. The underground sump collects enough water for the whole 
year 
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Rainwater is a 
reliable altermative 
to municipal water, 
which is not 

supplied regularly 


RESIDENCE OF STEPHEN ALTER 
LANDOUR, MUSSOORIE, UTTARAKHAND 


M 
Ny 4 


Stephon Aller’s cottage, Oakuille, is perched on a hilliop in Landour, 
Mussoorie at a hoight of 2.187 m. It has a well designed rainwater 
harvesting system that was constructed in 1998. 


‘WIIY: TO AUGMENT MUNICIPAL SUPPLY 

Rainwater supplements the erratic municipal supply, which comes 
‘once in two days, In summers, the supply comes only ence in three or 
four days. Rainwater collected from the roof is stored in underground 
sumps and used in tho toilets, bathrooms and for laundry, cleaning and 
gardening, 


DUAL WATER COLLECTION SYSTEM 
Water flowing down the sloped galvanised iron roofs is collected in 
gutters and diverted to two water collection points. A system of manual 
valves allows the first day's rain to be diverted away from the system, 
From ane 1a point, rainwater is led to a setiting tank of 1,000: 
litre capacity from where it passes into another sedimentation tank. 
‘The rainwater then goes straight to the main sump, which has 3 
‘capacity of 40,000 litres, There Is a mosh at the entry polnt of the main 
tank vo trap any debris ur other impurities. The everflow of this sump 
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f Wy | sje datas 
if! Total roof area: 644 sq.m 
| (eof area sed fx water 
i) Mie, ie harvesting = one-fourth of 
total oof are: 16547 
Storage system: 2 
inderysurl supe 
oacoans 20000Itre 
capacity) 
Seilgtoni 3 aes 
and 4oo-litre capacity) 
__ Sedimentation tank: 
25 MKDS AZ 
Cont: Rs 80000 
Year implemented: 1998 


Designed and 
implemented by 
Stephen Alter 


asses downhill to recharge the underground water ‘This water is then 
pumped 10 &n overhead tank of 500 litres. 

At tho second collection point ralnwater Is led to u settling tank of 
400-litres capacity: This tank has two compartments, In the first 
compartment. some sedimentation takes place when the water Dows 
Jn, After this the water passes Lo the adjacent compartment where 
furthor desiltetion takes place. Ultimately, the rainwater is stored in 
another underground sump of 20,000 litres. 


IMPACT 
‘The amount of rainwater required in one day for the flush is 90 litres. 
‘The rainwator stored in the main sump is sufficient for one season. 

‘The water from the second sump can also last one whole season. It 
‘is used for gardening in summers and acts as a back-up when there is 
‘uw municipal supply. About 200 litres Is used per day, 
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RESIDENCE OF 0 P SHARMA 
INDORE, MADHYA PRADESH 


‘The residence of late © P Sharma (s located in the Pipliyakumar area 
of indore. The rainwater harvesting system was built in 2000. 


WHY: WATER CRISIS 

Indore is a city under the permanent throes of water scarcity. It was in 
the nevis way back in 1999 for this reason. The situation had not 
hanged, In 2011 the authorities had to declare the entiro district as 
water scarce. 

Pipliyakumar lies within the city municipal limits. but there is no 
‘municipal water supply. The entire wator supply of dhe area is sourced 
from groundwater. At the Sharma residence, water is pumped from a 
122 m-deop tubowell. 


DEDICATED MAINTENANCE, INTELLIGENT USE 
‘The area of his rooftop Is 120 sq m and collected water is directed to 
the downtake pipe. A filior has boon installed in tho downtake pipe 
itself. "The filter contains coal. sand and gravel in layers and the Gitered 
wator is taken to the underground sump. 

“The tual dally water demand for two persons is about 300 titres for 


Rainwater harvesting 
has arrested the 
decline of 
groundwater levels. 
The Sharma 
household does not 
need to buy water 
even in summer, They 
balance water usage 
from the tubewell and 
underground tank 


System detals 

‘Total roattop area: 
uosqm 

‘Volume of storage tank: 
190,000 lites 

Cost: Rs 2.5 lakh 

Year implemented: 2000 


Designed and 
‘implemented by 
OP Shame 


drinking, cooking, washing and cleaning, Rainwater is passed through 
4 standard domestic water Mtration system before drinking. 

‘Tho family maintains tho system well, The cuoftop is kept very 
clean throughout the year Every your before tho rains, the 
underground sump is also cleaned thoroughly 


IMPACT 
The family uses water intelligontly. They do not nerd to buy water 
‘supplied by private tankers even in summer Thay balance the use of 
water from the tubewell and the underground tank so that the stored 
Fainwator of 100,000 litres lasts for the non-rainy months. In contrast, 
the neighbourhood is largely dependent on these tankers. 
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DEPUTY CHIEF MINISTER'S RESIDENCE 
BARIK POINT, SHILLONG, MEGHALAYA 


‘The residence of Meghalaya's deputy chief minister boasts of a simple 
and user-friendly rainwater harvesting structure, 


WHY: DRY SUMMERS 
Although the building receives municipal supply, there are water 
shortages during the summer months, Moghalaya receives nearly 
2,300 mm of annwal rainfall spread over nearly seven months in the 
year, ‘The rugged terrain limits the possiblity of groundwater storage. 
—__________ Storing rainwater is, therefore, a good option. In this residence, stored 
‘System detalis rainwater is usod for gardening and cleaning, 


Total rooftop area 

186259 ‘OPTIMAL USE OF STORAGE TANKS 

Srorage system: tanks | The residence dovs not have a very large roof area, just about 186 sq, 
(each, 3,000 titres) ‘m, but the storage tanks are siratogically placod for optimal uso. Noxt 


‘Yeor implemented: 29¢1 | to the kitchen, there is one storage tank that provides water for use in 
the kitchen, It is used for washing and cleaning. Two other tanks are 
close (@ the lawn and garden areas and are used for car wash and 
gardoning. The tanks are provided with taps for easy access, 


WAPCOS Lid, New Delhi 
‘and Cental Ground Woter | IMPACT 


Board, Shitong ‘Rainwater is used for all cleaning and gardening purposes, thus saving 
‘on treated municipal supply. 
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RESIDENCE OF N K KANODIA 
ALIPUR, KOLKATA, WEST BENGAL 


‘System detalls 
Total catchment are: 

390 54m | 
Storage system: 
underground sump | 
(70,000 litres) 

Coste Rs, 2.5 lkh 

Year implemented: 2006 


| Designed by Ranjit Gupta, 
Interdesign, Kelhata 
Implemented by 
NK Kanodia 


‘The underground suanp es below the driveway 


N K Kanodia, « Kolkata-based businessperson, uses rainwater round 
the year for laundry. Municipal water is used for all other purposes. 


WHY: FOR LAUNDRY 
In Kolkata, municipal water supply is genorally adequate. (ut, clothes 
‘washed with this water tend to ‘yellow’, the colours fade and the fabric: 


How IS THE WATER COLLECTED 
Kanodia uses his 300 sqm rooftop t colleet rainwater “This is 
channeled 10 collection chambers and after passing through a metallic 
siove, collected in an RCC (reinforced cement concrete) storage tank 


Rainwater i eonstructed undorground, The capacity of the storago tank is 70,000 
lusivel Iires, 

exclusively used for 

laundry throughout — jmpaer 

the year. Il sa ‘The Kanodia rosidence uses, on an avorage, 200 litres per day for 


laundry. The stored rainwater is enough for his laundry needs. Kanodia 
says the clothes remain bright and crisp, 


Colonies, 
apartment 
buildings and 
housing societies 


Layout plan of Nizarmucin (East) colony 
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RESIDENTIAL COLONY 
NIZAMUDDIN (EAST), NEW DELHI 


Nizamuddin (East), located off Mathura Road, consisis of 50 largo and 
200 small and medium-sized plots, It also has at least 32 public parks. 
Tho area faced a waterlogging problem, The rasidente decided to do 
something about it 


‘WHY: LOW-LYING AREAS WATERLOGGED 
The colony is situated close to the Yamuna flood plains and the sub-soil 
is a mix of sandy and clayey soils. Thus, natural recharge is difficult. 
‘The waterlogging took place in some low-lying areas in the colony, 
During heavy downpours, the water level used to come up to the knees. 


[RAINWATER FROM STORMWATER DRAINS 
Im early 2002, residents were mobitised hy Vandana Menon, an 
architect and resident, bulld rainwater harvesting systems. Being a 


small colony with a fairly large number of tenanted proportios, the 
Rosident Welfare Association could not collect a large umount of fands, 


Courtesy: Vandana Menon 
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Rainwater in the 
stormwater drains 
was tapped ta 
recharge 
groundwater, This 
was an effective 
jote to 
waterlogging 


ar 


System details 

‘otal roottop and surtace 
‘area: 2.01 lakh sq m 
Collection chambers 
(per recharge structure}: 
045 mxo45mxo.5 m 
Recharge pits (1a: 
amximxam 

Recharge bo 
wth 350 mm dia 
Cost: Rs 3.79 lakh 


omdeen 


Designed by Centre far 
Sclence and Environment 
Nev Delhi 

Implemented by Resident 
Welfare Associetion, 
Nieumuddin (East) 


Harvesting the ralneater from the stormaater drain has stopped flowing 


Nevertheless, the Idea was put into action, The plan was 10 use 
rainwater recharge groundwater and also control the waterlogging. 

Rainwater Nowing through tho stormwater drains was harnessod — 
1 was first led to desilting chambors and then to recharge sirueturos 
‘The recharge wells with Miter media were laid in the numerous parks 
within the colony. A total of 11 recharge structures were constructed 
and two old structures wore repaired at a cost of Its 1,79 lakh, 


pact 
The system way completed in 2004 and the residents could soon see the 
results. Waterlogging has reduced groatly in the colony, 
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System dotaite 

‘otal rooftop area: 
5405am 

| costin 2002 (pipes and 
filters Re 6,500 


MULTI-STOREYED APARTMENTS 
PRIYADARSHINI HEIGHTS, BHOPAL, MADHYA PRADESH 


Priyadarshini Heights, a block of 16 apartments in Gulmohar Colony, 
Bhopal, was the first to install a rainwater harvesting system in he 
area to recharge their borewells and end tanker supplies, 


WHY: NO MUNICIPAL SUPPLY 
‘The colony was not connected to municipal supply tll 2009. The only 
source was groundwater, Tankers supplemented the decreased water 
availability from tho borowell during peak summer, The Association for 
Motivation of Biosphore and Environmental Revolution (AMBER) 
sociely, local NGO working oa water conservation, convinced the 
residents that rainwater harvesting would solve their problem. 


[RECHARGING THE BOREWELL 
In 2002, a rainwater harvesting system was built to recharge the in-use 
orewell, As the area lies on Deccan basaltic rock, drilling @ recharge 
well would have been expensive. Thus, the decision to recharge the 
borawel 

Hainwater from the roof is diverted to the borewell through 
downtake pipes, which are joined to a single pipe, Before reaching the 
recharge well, water is filtorod through an online AMBER filtor. The 
filter consists of sand, gravel and charcoal and pebbles. 


impact 
‘The in-use borewell has been successfully recharged. The water level 
hhas improved by nearly 10 m from 30 m in 2002 to 20 m in 2011. The 
othr, defunct borewell has also started functioning now. 
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HOUSING SOCIETY 1 


BIMANAGAR COOPERATIVE HOUSING SOCIETY, 
AHMEDABAD, GUJARAT 


TWLINAGIS3Y 
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‘The Bimanagar Cooperative Society (BCS) comprises of 54 tenement 
blocks with « total of 324 residential units, A rainwater harvesting 
eystom was put in place in 2002, when the Ahmedabad Urban 
Development Authority (AUDA) made it compulsory for all buildings of 
over 1.500 sq m to install these systoms, 


WHY: DRY sorewrLis 
——Theeslony faced a water ersis duo ta dry borowolls and crratc water 
| System deta supply from the municipality 


Total rooftop ares: 

16.635 «a.m RECHARGE THROUGH PERCOLATION WELL 

Dimensions of the well: Rainwater from the building rooftop, roads and open ground is 

‘6mdia, 107 m depth diverted to a percolation well, which has beon constructed in a low- 

Costs Rs 1.6 lakh lying area of the park. The rainwater is filered through a bed of 

Yearimplementeé: 2002 | pebbles and sand has been laid on the periphery of the well for 
filtration of the rainwater hefore it enters the well, The woll Is 

Designed by constructed with honey-combed brickwork ta facilitate movement of 

PRAVAH & Centre for rainwater from woll to the ground. 

Integrated Development, 

‘Ahmedobad mac 

Implemented by In this drought-prone area, the quantity and quality of groundwater 

Bimanager Cooperctive | has improved after recharge throngh a perealation woll, 

Housing Society 


‘system details 
Total area: 137,593 qm 
Ga acre) 


‘Area of unpaved suriaces 
(65 per cent of otal area): 
20163959 

Number oFhouses: 249 
Recharge wells @o in 
stormwater drains, 

51 in homes): 7a (5 fe di, 
20 ft deep) 

Volume of wells: 

2.84 lakh ites 


Designed by 
Biome Environmental 
Solutions Pvt itd, 
Bengaluru 

Implemented by 

Rainbow Drive Residents’ | 
Welfare Association 


6 << eH WATE WHERE FALE >> 


RESIDENTIAL COLONY 
RAINBOW DRIVE COLONY, BENGALURU, KARNATAKA 


Rainhow Drive in Sarjapur Road, Bengaluru is one of the newly 
Aevoloped colonies on the city’s outskirts. This colony has thought 
beyond rainwater harvesting, Its residents have optimised oan the use 
tof rainwater, through recharge, discounts on water bills and a water 
Lariff system that accounts for eosts of treatment, supply and sewage 
treatmont 


WHY: DECLINING GROUNDWATER YIELDS 
The colony does not receive wator supply from tho Bangalore Wator 
Supply and Sewerage Board (BWSSR) and depends on groundwater 
Water used to be extracted from six borewells located in the colony, 


which had been sunk in 2003 when the colony came up. 
‘As the number of houses in the colony ineroased — they are now 
more than 200 ~ groundwater yields declined drastically, The colony 


faced one of its worst crises in 2007 when the Residents’ Welfare 
Association realised dat i was one step away from depend 
water tankers, if the last horewell dried up. This foreed some of the 
office bearers of the Association Lo think about rainwater harvesting 
for long-term water security: they initiated a colony-wide rainwater 
harvesting system using the stormwater drain network 


RECHARGE WELLS IM STORMWATER DRAINS 
‘The residents moved fast. By end 2008, thn colony had 54 recharge 
wells installed in the society's stormwater drains and on private 
plots 


A recharge well in a stormwater drain. The jelly stones desile the water 
before i enters the well 


“The system Incorporates a detailed flation process. AS a first 
step, water passes through a silt trap made in the stormwater drain. 
“This ensures thatthe silt settles dawn and leaves the water on top fairly 
silt free, Soak aveay pipes are provided at the bottom of the silt traps 
to onsure that wator doesn’t collect In the silt trap after the rains, 
thereby becoming a breoding ground for mosquitoes. 

‘The noxt festure is a leaf trap, which is a concrete grato that 
prevents leaves or plastic bags from entering the recharge well. Then 
fe water runs through @ check dam consisting of a small brick 
‘masonry or concrete wall spanning the drain and preceded by a mound 
of 40 mm jelly stones that inclines 4 foot (1.2 m) towards the woll. The 
Jelly stones remove more silt from the water before it enters the wel. 
VG pipes covered with nylon mesh at the intake points are bull: into 
the chock dam wall, leading directly into the well 

In tho event of hosvy rainfall, a hole covorod by a netlon mesh that 
exists on top of the RCC slab covering the wol, allows water to onter 
from the top of the well If the water entering the well exceeds its 
capacity, there is an overflow pipe that allows the excess water back 
into the stormwater drain loading downstream. 
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Stormwater drain 
network was 


harnessed to impact 
initiate a ‘The wells have a total volume of 2.16 lakh litres and hence can 
iainwater recharge multiples of 2.16 lakh litres at the time of each rainfall. From 


‘a situation where only one of six borewells was yielding water, today 


‘water Is pumped out from throe borewells which haye enough water 
across the colony even in summer months, 


harvesting system 


Quality water from sewage 

In 2011, the colony residents approved a plan to set up a new sewage 
‘Weatment plant (STF) based on soil biotechnology, developed at IT- 
‘Mumbai. This technology will provide river quality water for reuse as 
‘opposed to conventional methods which treat water for disposal. The 
colony intends to. supply this water for non-potable use to all 
|| residents as weil as sel it for use in constructions to recover the cost 
| of the srr 


Innovative tariff to discourage wastage of water 

‘To enforce conservation, the resident: of Table: Siab-based water tart 
Raintow Drive have introduced a tariff system 

‘thar charges Users for the true cost of water 
Charges ae besed on coat of treatment, supply 
and sewage treatment, The slab-based tariff 
discourages wastage. Private borewells have 
abo been banned. An incentive salto in place 
~ residents with recharge systems get @ 
discount of fs 100 on their water bills. 


WATER CONSUMPTION LEVEL | TARIFF s/t 
frst 10000 tes (010 we 
Net 1o9e0mes ozo | 1s 
fest oocomestzos0M | 
Mest £0,060 lites (0-40 Wt ea 
vo 40 o 


RESIDENTIAL COLONY 
DEFENCE COLONY, NEW DELHI 


Stormwater drains run on bath sides of the read in C-Block, Defence Colony 


baie dees In Defence Colony, one of the oldest cesidential areas in south Dolh 
“exalts | developed in the 1950s, rainwater harvesting has arrested 
pepe groundwater decline 

Dimension of recharge 
well:15mxamx2m 


WY: GROUNDWATER LEVEL LOWERS IN SUMMER. 


vreratomchrecarge |The colony has been using groundwater to supplemoat municipal 
baragommn, | ‘recep ret ining he wae be, The war ai 
aieaeee especially goas down in the summer months. 1 1s because of this that 
Guise ine residents’ welfare association took a decision in 2003 t harvest 
Rs a8 labh velaweiae 
Doeeeay | ROOFTOPS TO STORMWATER DRAINS TO RECHARGE WELLS 
Cente fersdenceand | ‘Ralnswater from the ronfops and the paved surfaces ofthe colony is 
Ltoreen, Mew pei | eiverted to the stormwater drains that run on both sides of tho two 
islenipaied by main lanes, Chakarvarty Vithi and Chandan Vithi that run through ¢- 
Defence colony, CBlock, | lock, Defence Colony, Nineteen recharge wells have been constructed 
seas in the main and back lanes of Chakarvarty Vidhi and Chandan Vit 
Acceshion ‘The racharge wolls are filled with boulders, pobblos and coarse sand 
so that fltored water enters the recharge bores placed in the wolls. A 
baile wall has been constructed in the 
Graphe Steady groundwator levels despite heavy use stormwater drata to slow down water fow 


4a and allow sediments to setil. 


zo 3005 to 300m 


IMPACT 

Although there has been a steady use of 
groundwater by the colony residents, 
rainwater harvesting has enabled 
groundwater levels lo be maintained from 
2004 through 2011 (see Graph: Steady 
groundwater levels), Citizens say that 
proviously defunct borewells ar those with 
vory low yield of water have started yielding. 
good amount of water. 


sor 
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Institutional 


Schools 


BISHOP COTTON SCHOOL 
SHIMLA, HIMACHAL PRADESH 


The stored water is 
used for laundry, 
flushing and 
gardening, thereby 
saving municipal 
supply for drinking 
and cooking 
purposes 


Rishop Cotton, located within tho municipal limits of the hill station of 
Shimla, is one of the oldest boarding schools in Asia, The school 
harvests rainwator for drinking during the rainy season. In other 
‘seasons, rainwater covers the demand for flushing, laundry and the 
swimming pool. 


WHY: SHORTAGE OF WATER IN SUMMER 
As this is @ residential school with over 500 students, Its water demand 
is substantia: the daily requiremont is about 80,000 Litres. In rocent 
years. in summer. there has been a huge shortage of water in the 
school campus. The municipal water supply is supplemented by 
groundwater pumped dirough 4 borewells, Each year the school 
authority had to increase the depth of the borewolls, with groundwater 
having fallon to a depth of 97 motros below ground! Iovol (m bel). 

During the monsoons, municipal water becomes muddy and 
rainweter is used for drinking, after Mitration, the school having 
installed a state-of tho-art filter for the purpose. 


Rainwater harvesting filter 


Table: Catchment areas in 


Name of the buiding 


Main dormitory aed ining hal 


‘city Centre 


Remove Buldng Lewis Bloc\) 


Hescmaste’s Lodge 
Total 


System details 
‘otal rooftop area: 
3867.5054 m 
‘tal soraze capacity: 
56.000 lives 
Filtration drums: 
a5 ftto2ttdia 
Filation tanks: 
asfixas teas ft 
Filter media layers: 
stone: 0470.5 om; ast 
conven cn hips 615 
ands 945 em 
‘Total cost (2000-2002): 
16.65 lakh 


Designed and 
implemented by Bishop 
Coiton Schoo! 


Underground storage tank 


the schoo! 
Roof area (sam) Capacity of the tank (ites) 
080 a 
237.00 60,000 
2880 69,000 
aco 50.000 
1,867.30 $55,000 
‘COLLECT CLEAN WATER 


The school uses the roofs of the main school building, the Activity 
Centre, the Remove Building and the Headmaster’ Lodge 4 callect 
rain. For every roof area, « filtration tank has been designed to ensure 
that clean water enters th underground storage tanks, which have a 
total storage capacity of 999,000 litres (see Table: Calenment areas in 
the schoo). 

Maintonanco work is undortaken in May and October when the 
flier materials are washed thoroughly. The tanks and the catchments 
are also cleaned during this time. The total expenditure on 
maintenance comes to Hs 10,000 per year 


impact 
The stored water is used for laundry, flushing and gardening, thereby 
ving muntetpal supply for drinking and cooking purposes, 


0 ee WATE eR ALL =~ 


System details 
Total rooftop ares 


6,000.59 m 
sion ofthe recharge 
pipe: 200mm dia, 1.5 m 

deep 

Dimensions of recharge 

well 2.5 m dia, 1.5 m deep 
| Cost: Rs 65,000 

‘eat implemented: 2005 


| Designed and 
_ Implemented by 
it Thomas Educotional 


| Society 


SISHYA 
CHENNAI, TAMIL NADU 


At Sishya, rainwater harvesting has beon used to recharge 
‘groundwater. In its fortieth year, this school is run by tho Kit Thomas 
Educational Society, in Adyar, Chennai 


WHY: RESIDENTS DEPEND ON GROUNDWATER 
‘Tho rosidents of th area dopond hoavily on groundwater for potable 
and non-potable purposes. Since the area is located on coastal 
alluvium soil which is porous and permeable, it has good potential of 
holding groundwater and therefore recharging the coastal aquifer was 
the best option. 


‘TWO RECHARGE PITS AND ONE RECHARGE WELL 
The school has a total area of 4.5 acres (1.8 hectares) and a rooftop 
area of 6,000 sq m. Rooftop rainwater is directed down through a 
downtake pipe and recharges the groundwater in tho campus. Thore 
are two soak pils and one large recharge well. The pits are fled with 
‘flier media such as stones and brickbats (broken bricks), 

‘The water recharging structures are cleaned annually before the 
onset of the rains. Tho washed filter media is replaced, 


IMPACT 
‘The school authorities have noticed substantial improvement in water 
lovel. Earlier, tho sehool used to buy 24,000 litres at a cost of Rs 1,500 
per week. They have now stopped purchasing water. saving 
approximately Rs 60,000 annually, 

‘Although water quality has not been tested, school authorities say 
that salinity has decroasod to a great oxtent. Groundwater is now used 
{in the washbasins for mouth rinsing. This was not possible before. 

‘There has also been a great deal of improvement in waterlogging, 
Ue most visible benefit uf rainwater harvesting, 


TWNOILALUILSNI 


‘System details 
Total reoftop area: 
250.8sqm 
Collection tank: 
aftxrftaah 
Fitation tanks 
28mx4smxim 
‘Sedimentation tank: 
2Bmxqsmxim 
Cost: Rs 48,000 
Year implemented: 2005 


Designed by Environment 
Division, Tate Steal 
Implemented by Kerala 
Public School, Mango 


in front of the open well ichich has been recharged 


KERALA PUBLIC SCHOOL 
MANGO, JAMSHEDPUR, JHARKHAND 


Kerala Public School is a three-time winner of the Centre fo 
and Environment's Gobar Times-Groon School Awards for 
rainwater harvesting, The practice has brought back wa 
defunct open well in the school premises. 


Selence 
offarts in 


(WHY: WATER SCARCITY ACUTE WITH DEVELOPMENT 
‘Tho Mango area is known for its water scarvity, In recent years, it has 
become acute, with a spurt of residential development, and more 
borewelly being sunk to source water. Yet, as much of Jamshedpur sits 
atop hard rock and is unsuitable for groundwater recharge, 
borewolls go dry in Mango every 3-4 years. Municipal water suppl 
erratic, often supplied every 3-4 days and that (oo for a few hours 

The seh ‘municipal supply and has wo depend 
‘on groundwater for all its usos. The daily water demand of the school 
is 13,000 litros for drinking, Nushing and gardening 


JLdoes aot receive 


(CLEAN FILTERED RAINWATER RECHARGES WELL 
The set rooftop measuring 250 sq m to collect rainwater 
which is diverted to two collection chambers and then t a 
sedimentation tank, After this, the water is led to a filtration tank filled 
with charcoal, boulders and brickbats, The clean water coming out of 
this tank recharges the 15 m doop woll 


ol use 


IMPACT 
Water levels have imprayed since 2005, when water harvesting was 
initiated. Tho well provides water for all non-potablo uses of the school. 
‘The yield of the borewelle in neighbouring areas has also improved, 
says Mousumi Koy. wo is in charge of the Eco Club in the school 


System dotalls 
‘Average annual alfa in 
Mumbai: 2,422 mm 
Total oot are 

1.858.74 sam 

Roof area catchment for 
rainwater harvesting: 
325:16 341 (33500 39 fee) 
No of storage tanks: 2 
Storage capacity: 

100,000 tres 

Recharge wel 6 Inch 
(452.4 mm) dia bore, 20 
feet (6.096 m) deep 

Cost: Rs lakh 

Year implemented: 2006 


Designed by UM Paranjpe, 
Jaivardhini Pratshtnan 
Implemented by jamncbar 
Norsee School 


JAMNABAI NARSEE SCHOOL 
MUMBAI, MAHARASHTRA 


At Jamnabai Narsee, a private school run by the Narsee Monji 
Foundation in Juhu, Mumbai, the rainwater harvesting system was Set 
up in 2006. During the rainy season, stored rainwater supplements 
‘municipal water supply and reduces dependance on tanker water. 


(WHY: MUNICIPAL SUPPLY IS INADEQUATE 
The municipal supply Is the primary source of water for the school, but 
quite inadequate in context of demand. The school has ta buy water 
supplied through tankers regularly. Nearly $0,000 litres of water is 
used every day, of which nearly 50 per cent (40,000 litres) Is used for 
flushing. 


RAINWATER STORED, OVERFLOWTRECHARGED 

Rainwater from the rooftop of one of ity buildings is Mluerv and sioced 
in two underground sumps with a total capacity of 1 lakh litres 
Overflow from the storage sumps is used to recharge the graundwater 
through a recharge well 


iMPACT 
During the rainy season, stored rainwater is used for Dushing. The 


school saves nearly Its 79,000 every year by reducing the total number 
of tankers, 


Mouth of underground sump (foreground), Tuo more can be seen in the 
background 
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Government 
buildings 


System details 

Total area: 3,064 sam 

| Storage system: 1 
Underground sump 
alum): 100,000 litres. 
Recharge system: 
Recharge wel: 
25mxzome3.0m 
Recharge bore: 

165 mm dia, 200 m deep 
Cost: Rs 4.73 lakh 

Date implemented: 2005 


Designed and 
Implemented by Guiarat 
Woter Supply and 
Sanitation Board, 
Junaged 


JAL BHAWAN 
JUNAGADH, GUJARAT 


The Jal Bhawan in Junagadh is a government-owned building that 
houses offices such as the Gujarat Water Supply and Sanitation Board. 
Harvested rainwater is used only for drinking purposes by the staf 
throughout the year. 


WHY: BAD QUALITY GROUNDWATER 
During the dry season. groundwater becomes unfit for drinking, The 
‘ial dissolved solid (TDS) count is on the higher side - between 1,000 
and 1,200 parts per million (ppm) The groundwater levels also go 
down, 

TH the rainwater harvesting system was erected, the drinking 
‘water needs of the Jal Bhawan stall were met by groundwater, with 
RO or reverse osmesis plant installed 19 treat It 


FIRST FLUSH DIVERTED AND CLEAN WATER COLLECTED 
Rainwater from the roof of the building is diverted to an underground 
sump with a capacity of 100,000 litres. At first, the water is filtered in 
‘tank containing sand and pebbles, The first flush of rain is diverted 
into the stormwater drains and cleaner wator is collected in the 
underground tank. 

Water from the sump fs pumped overitead into a 500-litre tank and 
‘usod for potable purposes. Chlorine tablets and bleaching powder are 
added to the stored water before consumption. Water Is tested 
regulariy and the rainwater quality is found to be woll, within 
Permissible limits of all parameters (soe Table: Water quality of the 
tank). The tank is cleaned regularly. 

Rainwater from the roofs of the two inspoction bungalows in the 
‘same compound as Jal Bhawan, a store and garage. is also diverted to 
a recharge well. 


impact 
‘This stored rainwater is used by 150 staif members throughout the 
year (270 working days) for drinking only. 


Table: Water quality of the tank 


| Parameters Parmissible limit (mg/1) ‘Test results (mg/l) 
| on = 65-85 i 733 
{oi dcohed aids DH 2.000 
Tttharrws oe 300) | 00 =a 
Toil akainy ls 200) | 0 
Gacun asc) 0 = 
‘Magnesium (as Mg) 100 = 
} horde as en L000 
| ‘Susate a (909 00 
Naas No) © 
if 15 Sai 
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RASHTRAPATI BHAWAN 
NEW DELHI 


Rashtrapati Bhawan, India’s Presidential Estat, captures 100 per cent 
of rain that falls within it. Rainwater harvesting was initiated in 1998, 
and today thoro are 25 structures to capture rainwater and recharge 
the aquifer. In 2010, Rashtrapati Bhawan raeeived an ISO 14001:2004 
‘certification for its green initlauives. 

In Novomber 1998, the laie K R Narayanan, the then President of 
India, invited Contre for Science and Environment (CSE) to suggest 
‘measures to harvest rainwater at the Rashtrapati Bhavan. An advisory 
commitiee was Set up by CSE, which developed a water harvesting 
plan, The scheme was implemented by the Central Public Works 
Department (CPWD) and Contral Ground Water Board (CGWB) in 
consultation with CSE. 
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WHY: HIGH DAILY WATER DEMAND 
‘The Presidential Estate covers an area wf 360 acres (1,456,868 sq m) 
and there are about 7,000 people residing on the estate, In addition, 
the estate receives approximately 500 visitors every day. The daily 
‘water requirement for domestic uses and in the numerous gardens is 
approximately 2,000,000 litres por day. More than one-fourth of this 
demand was mot by borewells, which resulted in an alarming declino 
‘in groundwater levels, 


ALL RUN-OFF USED FOR RECHARGE 
‘The Central Public Works Dopartmont, began to implement rainwater 
harvesting in 1998, based upon a design prepared by the Centre for 
‘Science and Environment, There was a rise In the groundwater in a 
short span of one year after the installation of the structure, After 


© rrstrase-1998 


System details 

Tal catchment area: 
1.456.868 sqm 

Recharge vel (open 

veel): 3 

Underground sumps: 2 | 
Goajoca titres each) 
fechargevell: 22, | 


Designed and 
implemented by 
Centre tor Science and 
Environment, Cental 
Ground Woter Board, end 
Centra Publi Works 
Department, New Delhi 
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Graph: Groundwator destino arrested 
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seeing the impact © 


{ thelr initial efforts, they worked over the next 


decade to build mare rainwater harvesting structuras. 
© Phase 1 (1998% Fight recharge structures and one underground 
sump of 1 lakh lures 


+ Phase 2 (2009). Fight recharge structures 
‘© Phase 3 (2011): Nine recharge structures and one underground 
sump of 1 lakh titres, 


The estate also used all the dry dugwells in the premises for 
recharging. The 900,000-litre capacity swimming pool in the estate is 
connected to a dry dugwell, so that during the periodic emptying of the 
ool, water can be used for recharging instead of being drained away. 


Impact 
‘The Prosident’s Estate monitars the water level regularly thraugh a 
Diezometer at different locations, Annual data recorded shows that 
from 2003 onwards, when the montioring started, the Estate has 
managed to arrest groundwater declina. ‘The pre-monsoon reading of 
‘groundwater level in June 20013 was 12.06 metres helow ground level 
(m1 bgl) while the post-monsoon reading in September 2011 was 13.12 
1m bgl (soe Graph: Groundwater decline arrested), 

Inu fem net increase in the 
groundwater level, Seeing this, more rainwater harvesting structures 
such as an injection well, recharge shaft and recharge trenches with 
borewolls and allied structures were constructed, Another 
underground storage tank of 1 lakh litre capacity was also built, 


first year itself, there was a 


Hospitals 


Groundwater 
levels have been 
managed well. The 
hospital does not 
need to buy water 
from outside 


INDIAN SPINAL INJURY CENTRE 
VASANT KUN), NEW DELHI 


‘The Indian Spinal Injury Centre (ISIC) is a premicr super-speciality 
hospital for advanced spine, orthopaedic and neuro-muscular 
problems. It is spread over 12 aeres (48,362 sqm) of land in Vasant 
Kunj and the campus includes the hospital, sta residences, aud other 
service areas. The hospital has managed to avoid buying water and at 
the same Lime ensured a sustainable supply of groundwater 


(WHY: POTENTIAL FOR RECHARGE IS LIMITED 
‘The hospital is solely dependent on groundwater extracted from 4 
borewells. The area is underlain by quartzite rocks and the potential 
for natural recharge ts limited. Therefore, use of groundwater must be 
Limnited and judicious, 

‘The hospital fuced a rapid decline of groundwater level ia 2002, 
‘when it went down to 32 metres belaw ground level (m bg). It was at 
this time that the hospital went in for rainwater harvesting, 


MULTIPLE COLLECTION MEASURES 
Rainwater harvesting structures have heen laid across the campus, 
both on the hospital building and the siaff quarters area. 

‘The rooftop rainwater and he surface run-off from the western 
part of the hospital building are drained into a stormwater drain that 


Layout of the indian Spinal jury Centre 
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System details 
Plot area: 32 acres 
(48,562.59 m) 
Recharge wells: 3 
Hostal side recharge 
well 2.75 mx2.15 mx 
8am 
Staff quarter side recharge 
| wet: 1.5 m dla, 2m deep 
| Recherge bore: 100 mm 
dia, 20 mdeep 
Cost: Rs 80,000 
Year implemented: 2002 
Designed by Centre for 
‘Science and Environment | 
Implemented by The 


‘Indian Spinal injury Cente 
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Graph: Steady water levels, no shortages 
Year 
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Source Corte fr scence ar Emronment New Deh 

suns along the west side of the building. This water is then diverted into 
recharge well located at the north-west corner of the campus near an, 
csxisting borewoll. A part of the rooftop rainwater frca the past sido of 
the hospital building and run-off from the paved area are diverted 
through a network of pipes and collection chambers to another 
stormwater drain that runs to the north of the premises. ‘This run-off is 
also divortod to the same recharge well located near the borewell. 

This recharge well has two compartments, and the run-off 
undergoes two stages of filtration before it enters the recharge borowoll, 
Layers of brickbats (broken bricks) and sand ensure that the water Is 
cleaned of most debris before it porcolates into the aquifer. 

The rooftop rainwater and the surface run-off from the paved and 
unpaved areas of the staff quartors are collected in chambers, which 
are interlinked by pipes. This water is then diverted to two other 
recharge wolls. A part ofthis water is divorted to recharge the eastside 
of the staff quarters. The rest is harvested by converting a dry barewell 
Into a recharge well near the entrance of the staff quarters. 


Impact 

The construction of the rainwater harvesting system was completed in 
October 2002 and the water level. when measured in February 2003, 
was found to be 32m byl. Thus, even though the number of visors and 
patients have increased, the hospital has been able to sustain the water 
levels (cee Table: Steady water levels, no whortages). Eyon during lean 
porinds ISIC does not face any water shortage. 


System details 
Rooftop atea: 185 sq m 
YYolume of storage tank: 
| 90,000 litres 
| Cost: Rs 2.57 lakh 
Year implemented: 2006 


Designed by Andhyodaye, 
| kerata 
Implemented by 
Gommunity Health Centre, 
Government Hospital, 
Angamaly 


Ferrocoment water slorage tank 


GOVERNMENT HOSPITAL 
ANGAMALY, KOCHI, KERALA 


‘The government hospital at Angamaly is located about 33 km north of 
‘Kochi, in the state of Kerala, The town is now the hub of new 
development. The hospital receives about 250 patients every day and 


WHY: THERE IS MO MUNICIPAL SUPPLY 
The hospital does not receive any municipal water supply, the only, 
Source being groundwater, which is pumped through an open wall. The 
well water is usod for drinking purposes. Angamaly in Ernakulam 
district is one of thy blocks categorised as ‘critical’ in terms of 
groundwater development by the Central Ground Water Board. That 
‘makes it doubly necessary harvest ralawater, 


RAINWATER FOR POTABLE USE 

The area of the rooftop is 189 sqm, ‘The water from the flat, cemented 
roof is directed to the downitake pipe through one outlet. The PVC pipe 
cearrins the water to the filtor and thon to a 90,000 litres ferro-cement 
tank. ‘The rainwater is used for non-potable purposes, 


Impact 
Groundwator docting has been arrested, 
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Places of worship 


Harvested rainwater 
stored in a large tank 
suffices for the 
drinking water needs 
of the staff 
throughout the year 


Legend 
aero wes 
Implemented by Sri Ranoit 4 Strmnater dine 
Monit; Vriedovan, 1 Resaences 
FIFE Pavone 


SHRI RANGJI TEMPLE 
VRINDAVAN, MATHURA, UTTAR PRADESH 


At the Se Rangji Mandir in Vrindavan in Mathura district of Uttar 
Pradesh, constructed in 1851, rainwater harvesting has greatly 
ritigated the problem of waterlogging 

In 2007, the temple authorities approached Centre for Science and 
Environment for assistance tn implementing a rainwater harvesting 
system. 


‘WHY: GROUNDWATER DRYING UP 
Over-exiruction of groundwater in Vrindavan has resulted in rapid 
decline of groundwater levels and the water has bocome extremely 
saline, The temple complex sources its wator from open wells. Water 
levols in these wells as well as that of the pushkarni (temple tank’ have 
‘been steadily guing down. The temple also gets waterlogged in the 
rainy season as itis at a lower level than the road, 


‘RECHARGE: FROM PAVED SURFACE TO STORMWATER DRAIN 
Stormwater drains run around the temple between the fourth and the 
fifth parikramas, A series of recharge wells were constructed along the 
Stormwater drains. In addition, two more rocharge wells were 
‘constricted at the outermost corridor of the temple at the wostern end 
As the residences of tomple staff are situated in this courtyard, water 
from tho roof and paved couriyard Is channelled into the stormivater 
drain, ultimately recharging groundwater. 


impact 
According to Sri Aditya Raghunath, the temple head priest, there has 
boen appreciable improvoment in curbing waterlogging. Me adds that 
‘there has been improvement in the water level and quality as well. This 
experience has kindled interest in rainwater harvesting in other 
temples in the towa. 
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s for three 
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System details 
Roof area: 550.69 m 
Capacity of tank: 
52,000 tres 

Pipes: 3o0m 

Gost: Rs 1.05 lakh 

Year implemented: 2007 


Designed and executed by 
Andhyodaye, Kochi 
Implemented by Rotary 
(Club of Cochin Lords 


ST MARY’S CHURCH 
KORAMBADAM, KOCHI, KERALA 


‘WNOILALILSNI 


‘The woll-maintuined ferrocement storage tank 


StMary’s Church serves the community of Kerambaclam not anly whe 
it comes to the soul. hut also for more mundane but essontial needs 
such as water. Rainwater harvested from the roof of the church 1s 
made available ty the people living in nearby areas for potable use 
Urough a network of pip 

The project was implamented by the Rotary Club af Co ah 
technical assistance from Andhycdaya, a local non-governmental 


WATER FOR THE LAITY 
The rooftop area of St Mary’s Churet is 950 sam. Rainwater from the 
root of the church Is collected through a network of gutiers. ARer the 
diversion of Bret flush, rainwater is collected in a forrveement tank 
after filtration, The filtration tank has sand and gravel as filler media, 
Apart from usage by the Church, water Is also used by 150 locals 
living nearby for drinking and 
cooking purposes. The ground, 
Water in this area is saline snd 
people use the rainwater as long 
as it fasts for drinking and 


cooking 


IMPACT 
The Church has made @ network 
of pipes with three community 
laps to provide access to tho 
village people, As there are 
nearly 130 rainy days, rainwater 
Is sufficiont to moet water 
requirements of the locals for 
three months, 


VEERANARAYANA TEMPLE 
GADAG 


Tho ancient Veeranarayana Temple is one of fiye Vishnu tomplos in 
Kamataka, It was buill in AD 1117 by Vishnuvardana, a Hoysala king, 

‘The quality and quantity uf water in the well has improved after 
the temple authorities went in for rainwater harvesting on the advice 
of a pilgrim in 200: 


WHY: WATER LEVELS DECLINED AND BECAME SALINE. 
Since the 1980s, tho water level of the temple began to decline, even as 
the water started becoming saline, Watar was #0 saline that it herame 
unfit for use and temple authorities began 10 drill borewells. They 
drilled four wells in the last decade alone, as each would dry up in a 
very short while, For all temple es, naivedya and abhishek, U 
temple switched to borowell water, In this ares, annual average rainfall 
'Sa little more than 600 mm and rainy days are below 50. 


SIMPLE PERCOLATION TRENCH 
The tomplo authorities sought the help of government engineers 1 

sign a rainwater harvesting system for them. The enginoors devised 
a very simple percolation pit to trap rainwater and allow it percolate 
into the ground. The percolation pit ls a trench with a volume of 16 
‘eubie metro (cum), ‘The pit is filled with filter media of sand and jelly 
up to metros deep. The tomple authorities thon paved the grounds so 
that the run-oif co-eflicioncy was increased, Arrangements were made 
lor divert all the water to the pit 


Impact 
The temple priest, Shri Gopal Krishna Acharya says that water has 
come back in the open well and Hs quality has improved to such an 
extent that it is possible to use i to cook ¢aor dal, This, says Gopal 

Adefunct wellis Keisha informal test for water quality. Today, the temple uses 

live again, The this open well water for temple rituals, abkishek, nainedya and wher 
distributing (eerth w devowons. This same water was once unfit for use. 

quality OF water is Gopal Krishna says that from being a cry well, waler can now be found 

also good ata depth of 1.2 


ist 


5 metres below ground lovel 


system detais, 

Plot area: 63659 m 

Dimensions of recharge 

pits 12 RAB RAGE 

| Year implemented: 2005 
Designed by Horticutial 
Departmen, Gadog 
implemented by Shree 
Veerancrayana Tempe, 
Godag 


Open wall of the temple 
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Miscellaneous 


SOMARPANN CONVENT 
MANGALORE, KERALA 


Sister Joraldine in front of the underground sump 


The rainwater 
harvesting system 
ed by 
Sister Jeraldine 
who had no 


was conc 


technical 
expertise. Abou! 
8,000 litres of 
stored rainwater is 
used for drinking, 
cooking and other 
domestic 


purposes daily 


Somarpann Genoralatw is the administrative headquarters of the 
Ursuline Franciscan Sisters, a Catholic congregation located in 
Dorlakatte, Mangalore 

Rainwater harvesting was built into the planning of the conveat at 
the construction stage with the aim of using stored rainwater directly 
as well as for recharging the groundwater. Tho planning of the entire 
system, Including the filters. was undertaken by Sister Jeraldine of tho 
convent. who has no technical background, 


WHY: FAILING BOREWELLS 
The Derlakatte area is known for is 


clining groundwater table, with 
borewells ailing regularly, The area is billy and overlays hard lateritic 
rocks, When the building was being construrtod, thore was difficulty 
in locating a groundwater souree. At this time, Sistor Joraldine 
D'Souea, the councillor yeneral of the organisation, siuggested that 
they incorporate a reoftop rainwater harvusting system in the design 
of the building and tap the abundant rainfall of the coastal regton, 


‘THREE-STAGE FILTRATION SYSTEM, 
Sister Joraldino, who had spent many years in north-east India, had 
Witnessed first-hand how rainwator was usod for various purposes it 
Mizoram. With the ample roof area of 6502 sq m, and rains 


ig at least six Months a year, such a system was a natural step 


nm 


System deals 
Total roaop aves: 
6s03250m 
Volume ofthe tanks 
75,000 litres: | 
Fitration tanks: 3 tanks | 
Gamx1mx1.2 meh) 
Cost incorporated as pat 
of consinicion 

‘Year implemented: 2006 


Designed and 
‘implemented by Sister 
Jeraldine, Somaryann 
Convent 
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Filter tanks that provide cleaned water to the sump 


tw take, It way decided that during the monsoon months, water for all 
uses would be sourved {rom the rainwater harvesting system, thereby 
saving groundwater. 

An underground RCC tank of 75,000 litres was bullt store water, 
Drought down from the rvof through several downtake pipes at the rear 
of the building. A filter system consisting of « desitation tank and two 
chambers, filled with sand and charcoal, was also constructed, The 
filtered water passes to the underground sump fram where it is 
pumped to an overhead tank, 25,000 litre in eapacy. 

‘The overflow from the tank is used to recharge the gruundwater by 
using the area around a borewell as a recharge pit, This is filed with 
filtration media made of sand, chips and boulders, 


Impact 
At any persons living in the 
convent. Stored rainwater is used far drinking, cooking and other 
domestic purposes (about 8.000 litres per day}. This was, a otal af 14 
Jakh litres of groundwater is conserved every year, The garden is not 
watered during the monsoon months, In tho dry period, the garden 
needs 4 lot of water and this water is pumped out of the borewoll or an 
open well, recently constructed, 


on ime, there are at least 20. 


Rainwater meets 


much of the water 


emand. Itis used 


5. Munic 


purpe 


water is used for 


System details, 

Roof area: 239.35 sqm 
Number of tanks 

+ (ferro-cement) 
Capacity oF tank: 
150,000 litres 

Fitter tank: 2,000 tres 
Fiter materials: sand, 
charcoal, metal 

Cost of system in 2004; 
Reastakh 


Designed and 
implemented by 
‘Malankara Social Service 
Society 


MALANKARA SOCIAL SERVICE SOCIETY 
THIRUVANANTHAPURAM, KERALA 


WNOILLNLUSNI 


Ferrocement lank of 5 lakh ltre capacity 


Rainwater 
sdministeat 
Toca 


weots more than half of the tal water demand at the 
office of Malankura Social Service Society (MSSS) 
ed in the municipal limits of Thiravananthaparam. The MSSS 
building is also connected to the city supply. 

‘The MSSS is a non-profit organisation that undertakes a wide range 
of activities aimed at supporting and improving quality of life of the 
mal poor. It is the sactal work organ of the Major Archdiocese of 
Thiruvananthapuram. ‘The Society promotes the implementation of 
rainwater harvesting in Kerala under the Jalanidhi programme. 


WitY: SHORTAGE OF MUNICIPAL WATER, 

In 2004, the institution faced acute water shortage as the municipal 

supply was insufficient and unreliable. Therefure, in the sans year, 
constructed a system fo harvest rainwater at its own building in 


‘SEPARATE STORAGE 
‘The roof area of the building is 1,500 sy m and the collected water is 
diverted to a ferro-cement tank of 1.5 lakh litre capacity The water 
passes trough a filer tank with sand-gravel and charcoal. Tho filter 
tank is cleaned twice a year There are separate tanks to store 


‘municipal water and rainwater. 


umpact 
‘The MSSS officials say that the rainwater harvesting system mocts 
Ibotwoon 50-55 per cent of their total water demand. 

The building has 30 rogular staff members. In addition, thers are 
‘usually about 40-50 temporary visitors who come to attend various 
programmes conducted by the Society. The water siored in this 
rainwater tank Insts them for almost four months, 

The rainwater is used for all non-potable purposes. It supplements 
‘the municipal supply, which is used for drinking purposes. 


Rainwater irrigates 
sensitive medicinal 
plants at this 
research station 
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CENTRAL ARID ZONE RESEARCH INSTITUTE 
JODHPUR, RAJASTHAN 


‘The Central Arid Zone Research Institute (CAZRD undertakes basic and 
applied research towards development of sustainable farming systems 
in arid ecosystems. It has an experimental farm where medicinal herbs 
are grown, 


WHY: PLANTS REQUIRE CLEAN WATER 
The plants roquirs great care and water of high order of purity. 
Rainwator is harvested to irrigate these plants. 


(CHANNELS OF RAINWATER 
The main office of CAZRI harvests the rainwater that falls on the 
rooftop of the administrative biork and the director's office. The water 
{s stored in two tanks and used for irrigating 4 acres (16,187 sq m) of 
land where medicinal plants are grown. 

Water that falls on the roof of the administrative block is diverted 
through four outlets and directed to dawntake pipes. The water Is led 
through underground pipes to four setiling tanks, from where it ows 
into the mein RCC tank. A solar operated pump of 3 HP is used to 
irrigate the plants, 

Water from the first floor roof af the director's office is also 
‘harnessed and is brought down through seven outlets which low into 
@ RCC channel constructed below, which i 217 m Jong and eoanests 10 
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the tank, The channel is stone-lined and plastered with cement. There 
is a silt trap at the mouth of the tank so that clean wator can enter the 
tank, Rainwater collected from the three outlets of the ground floor is 
also collected in the same channel. 


Designed and 
implamented by The 
Central rid Zone Research 
Institute, Jodhpur 
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Industrial and commercial 


Industry 


HERO MOTOCORP 
DHARUHERA, REWARI, HARYANA 


Systematic rainwater Here MotoCorp, Dharubera in the stain of Haryana has made a major 
harvesting hes is acannon id nH a rote at 

ildings for rainwater harvesting. At the same time, it has taken 
maintained the guano o reduce is wer use he fcr wes nly groundwater 
groundwater level — toy the manufacturing process, cantcon, gartioning, and personal uses: 
The level has risen by staff ac well as for the bachelor's hostel. It accesses groundwater 
by3m through six tubewells 
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Tle: Renwator harvesting, lock by block 
| Phase | Buildings 
E | Adminstrative building 
Nien tre ofc 
Eure, feat nd safety bldg 
Cartoon ext 
aD cou par, spateh & export 


i Gears & shalt section, new abivion phase | 4) February 2008 | 6 
Canteen (remaning part) | 
RUD certre remaining part and toa roc olébuling | 

i ‘Gorukal (A block) 4 | Marck 2007 


| 
i Bachelors hestel (G6, D & Ebioche) i | | 
| 


V ‘New exsarsion slant oad cH from acnistalve | Bijecton | February 2008) 55 
Dice, read and ext gate (3) road wels | | 


Seuree: Heo Motors. Dharhers 
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WATER FROM ROOF AND ROAD RUN-OFF 
Boginning in 2002, whon it constructed six recharge wolls, the 
workshop today has 22 recharge wells capturing water from the 
rooftops of most of its buildings (excluding old buildings of the frame 
and engine plant and faciory sheds), It has also begun to harvest road 
‘run-off, The work has boon dono in four phases (sce Table: Rainwater 
harvesting, block by block). 

‘The factory diverts roof run-off through downtake pipes to 
collection chambers for setdement of sfli and sediment. Thereatvsr, 
‘water is taken to rocharge wells filled with filter media so that filtered 
‘water onters the recharge pipos, 

Water harvested from roads that lead to the ‘No 3" exit gate and 
the administrative building ts diverted through open drains wo de- 
silting chambor and to injection wells filled with filter media, For road 


System details 


run-off recharge wells filter modia also includes an uetivated charcoal 
Plot area: 58 acres layer 

(3a707 sam) Rainwater harvesting undertaken up (o phase Hit cost RS 18 lakh, 
Rooftop area covered while phase IV was worth Rs 35 lakh, The total cost was Rs 54 lakh. 


under RWH: 23,977 24m | ‘The factory has made plans for Phase V. 
Road area covered: 
72559 

Dimensions of recharge 
wolls: 3 mx2mx3/m 
Dimensions of recharge 
bbotes: 203 mm dia, 49 m 
seep 

Cost: Rs 54 lakh 

‘Year implemented: 
2002-09 | 


impact 
‘The stoady rocharging of the aquifer using clean rainwater from 
rooftops has ensured that groundwater level has not only heen 
‘maintained but has actually risen by 3 m — from 20m in Nevember 
2004 to 18.1 m in December 2011. 


Designed by Centre for 
‘Science and Environment, 
‘New Delhi (Phases Ii) 
Implemented by Safety & 
Environment Division of 
Hero MotoCorp, Dharuhera, 


JOHN FOWLER (INDIA) PVT LTD 
BOMMASANDRA, BENGALURU 


John Fowler (India) Pvt Lil is located in the Bommasandra Industrial 
‘Aros, Bengaluru and was sot up in 1966 to manufacture filters and 
Bltration systems for industrial applications. A rainwater harvesting 
system was designed and implemented by the Heagaluru-based 
Technology Informatics Design Endeavour (TIDE). 


(WHY: DECLINING WATER LEVELS IN BOREWELLS 
The factory employs about 100 persons and has about 250 working 
days in a year: [bls situated on a plot 6 acres (24,281 sq m) in area, The 
factory has a total daily demand of approximately 7,200 litres, of which 
roughly half used for gardening, a major part ofits total water needs, 
The company used to source all its water from five bore/tubewells, 
Over the years, the yleld of the borewells declined to less than 180 
litres por hour (LPH). The factory started purchasing wator for all its 
needs — from drinking lo gardening, 


HARVESTING FOR STORAGE AND RECHARGE 
‘TIDE recommended water harvesting for both storage and recharge. 
Rainwater is collected from three buildings - the workshop, cantesn 
and administrative building. 

Rainwater from half the rooftop (1,500 sq m) of the workshop 
building is collected through gutters and diverted to three “Sintex’ 
tanks, cach of ty. During the rainy seacon those tanks 
fill at least 50 times. 

Waler from the remaining half of the roof of the workshop is led 
Into the stormwater drain, fitered and led to a sump of capacity 25,000 
litres, This stored rainwater is used for washing, fushing as woll as 


000 litros cap: 


Rainwater srrdening 
iearestines fins Besides the roof, water from paved and unpaved arcas is 
eae recharged 10 the aqulfor through 80 recharge (percolation) lls 


constructed within tho stormwater drains, four recharge wells and a 

groundwater levels recharge trench. There is a two-way flow between the storage and 

are maintained, and recharge structures. Excess water from the stormwater drain is led 

the yield has also imto the filter unit and the filtered water is taken to the sump. Overflow 
from the sump is diverted sarge wells 


increased 


‘Toble: Groundwater count (2007-2011) 


| Location of horewelt 


reumdstos evel (be) 
December 2004 ‘October 2007 
Near security gate! zat et 17a 
| Bad in Bling [aa 
feo [ za80 


Near agin (east sdb) 
Near acini (west sie) 


20.45 


Not: nbn ets ecw rau eet 
‘Sout: estoy heratcs Deda Endencut Berlin 


System details 
Plot area: 24,281 sqm 
Roof area of workshop: 
3.000 sqm 

Storage system: 3 Sintex 
tanks 6,000 lites each, 
+1 sump of 25,020 litres) 
No of recharge pits: 80 
Dimensions of pits (in 
stostwater drat): x 
o5mxim 

No of recharge wells: 4 
Deptt of recharge wells: 
4zizgm 

Daily demand: 

7.300 litres 

(Cost: RS 32 lakh 

Year implemented: 2004, 


Designed by Technology 
Informatics Design 
Endeavour (TIDE), 
Bengatury 

Implemented by John 
Fowler (india) Pvt Lt 


Figure: The water harvesting plan of the company 
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impact 
Hainwater harvesting has enabled the factory te maintain groundwater 
fovols, the primary source of water. Water quality and water levels are 
monitored regularly by TIDE (sce Table: Growndwater count). 
According to them, one defunct borewoll has startod yielding water at 
the rate of 3,090 litres per hour (LPH) and another working borewell 
continues to yield water, There was an improvementin the yield of this 
borewell, from about 180-3,000 LPH. 
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Shopping complex 


Rainwater is used in 
the water cooling 
plant of the 
centralised air 
conditioning system 


‘System details 

Rooftop area of the mall: 
6200 sqm 

‘Storage systems: tanks 
(400,000 litres capacity) 
Project cost: Rs lah 
‘Year implemented: 2006 


Designed by Ranjit Gupta, 
Interdesign, Kolkata 
Implemented by Gariahat 
‘Mal, Kotkota 
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GARIAHAT MALL 
KOLKATA, WEST BENGAL 


‘The Gariahat Mall 


At the Gariahat mall, 


ocated in south Kolkata, rainwater collected 
from the rooltop areas is used to run the wator cooling plant and moots 
the requirement of the centralised air conditioning system throughout 
the year. The mall is spread over an area of 9,300 Sq-m, with a root 
area of 6.200 seq m. 


HUGE STORAGE CAPACITY 
‘The rooftop rainwater from the mall building ts gathered in collection 
chambers and passed through fi media made up of pebbles, 
gravels and charcoal. After Filtration, the wator is directed to 11 
storage tanks. constructed underground in a series along the walls of 
the mall, The total capacity of the tanks is 100,000 litres. This water is 
pumped to the top of dhe mall for the water cooling systems, Water for 
all other usws is sourced from the municipal supply 


Figure: Rainwater harvasting plan 


SOOO 


Fitna 
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Hotels 


Stored rainwater is 
used throughout the 
year, especially for 
flushing toilets 


System details 
Total woftop ar 
12,995 sqm 
Storage system: 4 tanks 
(100,000, 60,000, 30,000 
‘and s0,c00 litres capacity 
tanks) (foal capacity: 
202,000 titres) 

Year implemented: 1399 


Designed by 
Shasheesh Prasad, 
architec, Derjeling 
Iplemented by 
Hotel Cedar 


HOTEL CEDAR INN 
DARJEELING, WEST BENGAL 


At the Hotel Cedar inn located on the upper reaches of Darjeeling. a 
popular hill station in eastern India, stored rainwater is used in all 
Buest rooms for all non-potable uses, The raiawater harvesting system 
‘was fitted when the hotel was built in 1999, 


(WHY: POTABLE WATER AT RS 7 LAKH ANNUALLY 
Rainwater is a critical component of the water supply since the hotel 
does not get municipal supply regularly. ‘There is no groundwater 
supply, either. ‘The hotel buys 4,000 litres every day for drinking and 
‘cooking at Rs 2,000 per day. This amounts to more than Its 7 lakh spent 
‘on wator, yearly, for drinking and cooking. Withut rainwater, the hotel 
‘would also have to buy water for its non-potable purposes, 


WITH GOOD RAINS, TANKS CAN BE FILLED TO CAPACITY 
Rainwater is collectod on the rooftop of the main building which is 
about 12.995 sq m and passes through sruttors dawa to a sedimentation 
tank, This water is first stored temporarily in a collection tank. 
‘Thoreafier the waver is passed through a Thermax Culligan fier (that 
filtors out the suspended matter in rainwater) and stored in 4 high- 
‘capacity storage tanks, both underground (in the basement) as well a3 
overground, The total storage capacity is about 202,000 litres, When it 
rains well, it takes just about three hours fil the tanks to rapacity 

Thore are 99 days of rainfall in the hills with the maximum between 
May and September. Thore 1s an appreciable amount of rainfall in 
other months of the year as well. Siored rainwater is available for use 
from July through December provided there is another spell of rain in 
October-November 


IMPACT 
Stored rainwater ts pumped to overhead tanks and distributed to the 
hotel rooms for bathing and Qushing, Ralawauer is used throughout the 
year. espocially for flushing 
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Other urban spaces 


Rainwater 
harvesting has 
ensured that the 
two balwadis stay 
open in summer 
The children drink 
this water 
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KARGIL AND SUKA BIHAR SLUMS. 
BHUBANESWAR, ODISHA 


the Nargil slum in Bhubaneswar is located behind the Lingaraj railway 
station and is home to fish 
located in Damduma area of tho city. Therm is no municipal supply 
here 

‘Many people would fnd it difficult to believe that water can be 
harvested in such urban spaces. Yet, this case study proves they ean. 


folky and hawkers. Suk Bihar slum is 


WHY: LACK OF WATER 
The Ruchika Social Service Organisation (SSO) runs batveadis 
(crbches) in both settlements wich used to be closed dawn In summer 
tarcity. In 2007 the RSSO built simple rainwater 
harvesting systems in these places 


because of water 


DRINKING WATER 
The total roofing area of the Kargil slum balcadi is 37 sqm and that 
of Suka Bihar is 29 sq m, The system is identical in both. Rainwater 
from the sloping galvanised iron (Gli roof is collected in the guttor and 
directed to a siorage tank. At the collection point there (san tron 
bucket to strain away large impurities. From the storage tank two 
pipes: loud to the toilets and a Giltration tank respectively. The filtered 
water is drunk hy the children. 

In the dry season, water to the toilets &s completely closed off, AIL 
available water is used for drinking. The toilets get water from a 
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Drinking water tap inside the balweadt 


tron bucket flier that siraina away large impurities 


nearby pond. 
‘The system is maintained by tho wachers, The iron bucket ix 


| Designed and cleaned overy month. and the filter tank every year 
implemented by Ruchica 
Social Service tmeact 
Cantal, | ‘The NGO has tested quality of the wator and found it to be within 
passes permissible limits 

ee | 

‘ual rootop ea [| 37sam is 293 sam y 
Yume of storage tank | 3000 res | 300 fires «2 tanks = 2.600 es 

| cost 3 5 17,500 [ ~_B812,000 
Year Implemented 2007 \‘< 2005 


Soure: Fuss Sociol Soria Orsanzatn Bhuboneswor 


Sports complex 


The rainwater 
harvesting system 
was set up with 
financial 
assistance form 
the local 
legislator’s ‘MLA 
funds 


System detaiis 


Total arez: 13,630 sqm 
Recharge wells: 3 
Dimensions: 
2mXamX23m 

Details of the recharge 
bore: 200 mm dia and. 
4omdeen 

Cost: Rs 5 lakh 

Date of completion: 2006 
| 


Designed by Water Feld 
Technologies, Mumbai 
Imptemented by 
‘Prabodhon Krida Bhavan, 
Goregaon 

Funded by Subash Desai, 
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PRABODHAN KRIDA BHAWAN 
MUMBAI, MAHARASHTRA 


Prabodhan Krlda Bhavan (PKB) was set up by the Prabudhan Goregaon 
‘Trust, Mumbai in 1991 for the promotion of sports activities, The Trust 
isa non-profit organisation that works for public welfare with a focus 
cn health services 

The facilities offered by PRB range frum a yoga rent, x 
jogger’s park and swimming pool t arrangements for athleti 
gymnastics, table tennis and karate. It also houses a steam bath, 
sauna, jacuzzi and a restaurant. The Bhawan is located in Siddharth 
Nagar in the Garegaon (W) area. 


(WHY: LARGE WATER NEED. 
Sproad over an area of 11,620 sq.m. PRE receives over 1,100 visitors 
daily. ‘The complox sources its water from the municipal supply and 
also throug’ borewells. Since it needs large quantities of wate 
rainwater harvesting system was set up in 2006, with funds from the 
local legistator (MLA funds), 


‘SURFACE RUN-OFF IS CAPTURED 
The rainwater harvesting system has been set up in the stadium 
complex: Surface run-off directed to.a drain which runs parallel to the 
periphery of the playground, This water is tapped at three locations and 
diverted t three recharge wells constructed near the flag post om the 
stern side, the ozone swimming pool and the western earner fencing. 
‘These recharge wells are provided with three layers of pebbles of varyiag 
size to filter out tree leaves and coarse sand particles. In addition, there 
‘are two recharge pits (0 take cary of exira run-off From the ground. 


impact 
According to the PKB authorities, groundwater lnvels and yields have 
Increased, For the swimming pool, PKB used to source water from the 
‘pal supply. Now, itis filled with groundwater, sourcrd through 
two horewolls. This has resulted in a saving of Rs 5 lakh annually 


Wut 1,000 visitors w day, the stadiun's water needs ure large 


RACE COURSE 
RAJKOT, GUJARAT 


Reduc 
waterlogging and 
recharged 
groundwater — 
these have been 
the benefits of 
RWH 


System details 
Total volume of 10 
trenches: 10,900 tres 
(Cost: Rs 2 lakh in the year 
2001 


Designed and 
Implemented by Rajkot 
‘Municipal Corporation 


‘The Race Course area of Rajkot, at the heart of the city, isa favourite 
recreational haunt for the old and young alike. It has well-maintained 
gardens, walkers” tralls and seating spaces along the inner boundary 
fof the race course, The area houses stadiums and sports grounds that 
rrogularly hast cricket, hockey and football matches. The area is also 
the hub of commercial activity and some of the premier residential 
spaces of the elty are located in this area, 

‘A rainwater harvesting system was set up hore in 2006 at the 
initiative of the municipal commissionor. This was done in response 10 
the concerns of citizens regarding waterlogging, which was brought (0 
‘the notice of the Rajkot Municipal Corporation (RM), 


(WHY: LOW-LYING WATERLOGGED AREA 

Tho area used to be severely waterlogged every monsoon even as 
groundwater levels kept falling. The area is low-lying and located at 
the heart of the city, During the rainy soason, run-off from tho 
surrounding elevated areas cellocts in this space. In fact, the twin 
problem Jed to falling land prices. Since some of the most important 
offices and commercial areas are located in this area commercial 
activities were alfected during the rainy season. 


‘TRENCHES CONVEY RAINWATER DOWNWARDS: 
‘The RMG built 10 trenches around the periphery of the race course, 
‘which were filled with filter media, The trenches can convey rainwater 
‘quickly downwards, into the ground, even during peak rainfall 


impact 
Not only has the problem of waterlogging been solved, but 
groundwater lovels have also risen, The tubewolls and borewols in the 
offices never run dry even during peak summers. 
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Peri-urban area 


System detalts 
Distance fiom tubewell of 
‘3 rocharge bores: 
45m.20m.35.m 
Depth of 3 recharge 
botes: 35.m,57:m, 20m 
Diameter of recharge 
bore: 15 em 
Length of casing pipe: 
7m 
Dimensions of gabion 
structures: 

45 m (length) x 0m 
Gepth) 
Dimensions of pond: 
3mx3mx2m 


Designed and 
implemented by 
UN Shroff 
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FARMHOUSE OF V N SHROFF 
INDORE, MADHYA PRADESH 


VN Shruffs farmhouse is located in Badiya Kima, a per/-urban area 
about 8 km [rom Indore town. The rainwater barvasting system was set 
up in 2006. 


WHY: STEADY DECLINE IN GROUNDWATER 
To source water, a tubewell had been insialled in tho farm in 1995, but 
discharge from the well declined steadily. Ac a result, rabi crop 
production dropped to 25-30 per cent below normal. 


‘OPTIMUM RECHARGE 
In order to tap rainwater flowing through the stormwater drains, 
Shroff ad threo recharge bores constructed between the tubewell and 
stormwater drain. ‘The casing pipe of the recharge shafts has 
longitudinal slits and round holes (10 mm in diameter).'The upper open 
Portion of the pipe is wrapped with coir rope and surrounded by 
pebbles for protection and filtration. On the cap of the recharge bores. 
thece aro two air yents, each having a 8 mm pipe. 

Gabion structures have also heen constructed along the stormwater 
drains. These structures hold water, filtering it in the process, As the 
‘water flows through the stormwater channels over the stepped gabion, 
itpercolates vertically into the ground, as well as through the recharge 
boros bypassing tho wonthorod strata (of hard basaltic rock) to reach 
tho aquifer, Water is retained in the gabion structures slong the 
Stormwater drain and percolates siowly into the ground through the 
filters in the recharge shafts, 

Soon after the construction, the fst pre-monsoon shower of 0 sum 
in May 2006 revived the water flow in the tubowell. In order to 
ascortain whether the system was effective, Shroff added potassium 
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IMPACT 
‘By 2007-08 the wator lovel had risen to such an extent that thers was 
enough water in tho tubowoll throughout the year. As a result of 
rainwater harvesting, the yield of wheat from his farm has increased 
from 10/40 30-35 quintalyhectare even though he has taken up organic 
farming. In the Kharif soason he irrigatos vogotables, cotton and 
soyabean crops. He also provides potable water to 20 farm families 
living near by. 
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Urban water bodies 


Revival of lakes 


a 


KAJIPUKUR AND BAGHAJATIN LAKE 
KOLKATA, WEST BENGAL 


Kajipukur lake, cleaned and restored 


Citizens have come 
together to protect 
regenerate and 
maintain urban water 
bodies. It covers the 


entire gamut of 


physi 


cleaning, ai 


pollution measures, 
catchment 


protections, legal 


pressure and 
institutional systems 


to maintain and 


in the lakes 
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The Baghajatin and Kajipukur lakes in the Baghalatin area of south 
Kolkata have been revived through the efforts of local community 
groups. The baghajatin Lake Untayan-O-Tran Samiti forsed ia 1989 
and Kajipakur Unnayan Samiti, forms Were instrumental in 
bringing the locals together and reviving the lake. In fact, today, both 
organisations have aver 600 members each, the former having started 
‘with only ten members. Funds were collected from the members and 
of and 


other citizens and with voluntary labour the lakes were des 
cleaned. 


‘The Baghajatin lake, which is about 19,000 sq m In area, serves 
nearly 250 people living in Sri Colony, Vidyasagar Colony and S, A and 
Tblocks of Baghajatin area. The lake is located between A and I blocks, 
‘ajipuleur lake serves A-block of Bughajatin 


(WHY: ENCROACHED DUMPS 
There was a time when the Bi 


ajatin area had numerous ponds used 
by people for fishing and domestic purposes. Over the years the ponds: 
were sneroarked upon and used as dumping grounds. Kajipukur 
started deteriorating in the 1970s when it had turned imo a waste 
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Members of Baghajatin Lake Unnayon-O-Tran Samitl 


dumping ground. The land mafia had also tried to fll in the pond and 
convert it far real-estote development. 


CITIZENS PITCH IM TO CLEAN THEIR LAKE 
The Baghjaiin Lake Unnayan-O-Tran Samiti initiated work on the 
revival of the lake with cash and labour contributions. The pond was 
cloared of all solid waste and restored. The municipality helped direct 
wastewater into newly constructed sewer lines. Protective 
embankments wore constructed, and trees were planted around the 
pad to provide a buffer zone, Separate enclosures for washing clothes 
wore built a prevent contamination of the pond with soap water 

The pond is maintained with care and regularly repaired with the 
active cooperation of members who also keep a regular watch to 
ensure that lake water is not contaminated, Lime is added to the pond 
water threo to four times a year to disinfoct the wator. This koops the 
water free of any contamination and the fish healthy. Residents are 
‘updated and sensitised to the importance of the pond through regular 
meetings and seminars. The committee has recently demarcated the 
catchment of the pond so that propor restoration can be planned. 

A similar exercise was carried to clean up the Kajipukur lake. ‘The 
pond was desilted of accumulated solid waste and its basr 
Stengiheued, The KUS however, decided against building a concrete 
bund or embankment and, instead, developed a natural und of grass 
and 150 tres, planted around the pond. Separate enclosures for 
bathing and washing were built. The municipality helped KU 
Sewer drains to divert wastewater away from the pond and also t 
build roads around the pond. The KUS also undertook a door-to-door 
campaign asking people not Lo throw garbage into the pond, 


Impact 


Implemented by Today, about 200-300 persons of this arva use this pond for bathing, 
Baghajatie Lake Unrayan- | washing and for othor domestic purposes. 

O-Tran Semiti and 

ajpukue Unnoyan Samiti 


Technical and institutional 
support by Vasuindhare 


ARKEESWARAR-SURIAMMAN TEMPLE TANK 
PAMMAL, TAMIL NADU 


This case study 
shows that it is 
possible to make 
ordinary citizens 
commit to protect 
their natural 
resources, chart 2 


proactive path, with 
no help from the 
government 
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January 2012: Catchment area treated for long term recharge with all trees fully grown 


The temple tank of Suriamman Koil and Arkeeswarar usmples in 
Pammal, some 30 kins from Chennai, is at least 600 years old and 
considered sacred, Till the 1970s it was the main drinking water souree 
for the town. Historically it had a eaichment area spread over 60 acres 
(242.811 sq m) and rainwater used to accurnulute in the temple tank. 
Overflows from the tank spilled into the Tirupathangal Fri and then 
into the Moongil Eri and finally into the Adyar erect 

in the year 2000, Mangalam Balasubramanian, a Pammal resident 
and President of Exnora International, an environmental service NGO, 
decided to mobilise local residents 10 come together and clean up the 
luk, This case study shows that itis possible to make ordinary citizens 
commit to protect thoir natural resources, chart a proactive path, with 
no help from the government, 


WHY: INDUSTRY, POPULATION AND NEGLECT 

Over the years as Pammal becamne industrivised, more and more 
people came ta settle here. ‘The upkeep of the temple tank was 
neglecied and the inlet drains Ioading to it were blocked. Ralawater; 
instead of flowing into the tank, would collect on the streets. The tank 
slowly deteriorated into a slushy, foul-smolling stagnant water body. I 
bocame a dumping ground for garbage and residents let their sewage 
into the tank, ‘The tank was complotely sited and its depth was reduced 
to Just about 4 fees (1.2 mp, 


System details 
‘Area of tank: 5 acres 
(20,234 59) 
Dimensions of the 


| settlement tank: 


200 11x 300 ftx10 ft 
Cost: Rs 23.5 lakh 
Year implemented: 200% 


Designed and 
implemented by Exiors 
Green, Pammel 


[RENOVATION IN THREE MONTHS 
‘The task of cleaning up was challenging. Farthwork for desilting and 
cleaning the debris of the tank covering an area of nearly 5 acre 
(20,224 sj m) had to be undertaken and then the tank bed had 1 be 
deepened, A door-to-door campaign for raising funds was launched. 
Schools, Notary Clubs and individuals raised more than Rs 13 Jakh 
With active involvement of all citizens, the task was completed in a 
short span of shout throe months 

After cleaning and desiltation gates for inlet and eutlet drains and 
‘ seitlement tank with a natural Mtration system was constructed 
around the tank, Finally the wad (or embankment) was sirengtiened 
and a wall was erected around the tank. The renovated tank was 
inaugurated in December 2001. ‘The following summer itself, aftor the 
"rains, tho Water level in the tank had come up to 10 feet (3 m) 

‘The citizen's movement became more organised and came to be 
known as thy Fsnora Pammal Green, which is now responsible lor 
maintenance. The tomplo stalf supports citizens in this effort. Lvery 
Summer, the tank is desilted and lime coating is applied for 
disinfection. A walkway has boon ereated around the tank and trees 
have been planied around the walkway. Walkers pay Rs 10 as a 
‘monthly membership which is used for maintaining the aroa. 


impact 
Groundwater in wells within a 5-7 km radius has improved, For 
instance, a nearby building, Salhsogh, had a dugwell with no water. 
Today. the well has plenty of water and people are able to accoss it by 
using a rope and bucket. 


ancaan axes, 


‘Before 2001 ~ polluted, degraded 
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Revival of 
traditional 
step-well 


Several non-profits 
and public bodies 
came together to 
clean the baoli 


NIZAMUDDIN BAOLI 
NEW DELHI 


Cleaning and revival of the 700-vear old baolé (step-woll) has been 
undertaken as a cooperauive effort of several public and non-profit 
Institutions wih state-ofethe-art technologies, 

(The Nizamuddin baoli was built about eight centuries agn (121-22) 
and served as the water source for the Nizamuddin dargan, te 
‘mausoleum and shrine of the Sufl saint, Hazrat Nizamuddin Auliys. 
Located near the northern gate of the enclosure, the buoli is fed by 
underground springs and Is a proteeted monument under the 
Archaeological Survey of India, tis said Uhat the saint used a passage 
to access the baoli from the mosque within the dargak complex. 


WHY; FILLED WITH SEWAGE 

Despite being protected monument the area around the bani bas 
eon eneroached upon and constructions have come up even on the 
‘walls surrounding it, The sewage from these setilements polluted the 
waters of the baal, Water from the wusw area (meant for ablations, 
washing before prayers} of the mosque would also drain into the bao 

In July 2008, portions on the walls of the banit collapsed, putting the 
‘constructions aver the walls Ia 
the entire area was initiated by a number of government and non- 
governmental bodios and rejuvenation of the baoli was taken up as 
part of this project 

‘The Archaeological Survey of India (ASD, the Central Publ 
Department (CPWD), the Muni 
‘been working in conjuction with the Aga Khan Trust for Culture (AKTC] 
and Aga Khan Foundation towards the restoration. 

Extensive seientifie analysis was conducted aimed at rebuilding and 
rejuvenating the baoll, State-of-the-art technologies such as Ground 
Penetrating Redar Survey (GPRS), high dofinition 3D laser seans and 
other goo-tochnical and structural assessments were used. 


iyer. A conservation project covering 


‘The baolt was taken up for restoration in 
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Desilting operation underway 


WASTEWATER SEGREGATED. 
The first task was to elean out the baali complotoly, ‘The dirty water 
was drained out and the bavli desilted to its original depth 80 feet (24 
m) below the ground level. Analysis of the water quality showed very 
high levels of £. coié indicating the entry of sewage Into the baolé. The 
manual desilting of the baoli to cloar hundreds of years of accumulated 
debris and sludge was a mammoth task involving nearly 8,000 man. 
Gays of Work. As part of the project, housing on top of the wall had to 
be demolished and alternate accommodation given to the familtes, New 
sewer pipes wore laid to divort sewage away from the baoli and a new 
system was constructed to keop water from the wuzu arse from 
femtering the Oat 


IMPACT 
Water quality was tested once again after reconstruction work 
recording a dramatic drop in F. col levels, The challenge is to prevent 
the bao slipping back into a sewage and waste dump. To prevent such 
‘situation the AKTC has been conducting awareness and education 
‘campaigns for poople residing in the area. It remains to be seen if the 
aol! remains clean and keeps providing clean water 
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Traditional water harvesting 


Residential 


RESIDENCE OF ASHUTOSH BHATT 
DHOBINI POL, AHMEDABAD, GUJARAT 


The haveli of Ashutosh Bhatt boasts of e magnificiont 2 
tenka (underground water tank), Its storage capacity is about % 


litees (80,000 gallons). Even now, the Bhatt family stores harvested 
rainyater In this traditional ‘aka and uses the water for drinking and 
cooking. 


WHY: WATER CRISIS ENCOURAGES 
REVIVAL 

In recent yoars, with the increasing 
demand for water, the Ahmedabad 
Municipal Corporation and the 
was have turned to traditional 


wisdom, The fankas, partof almost 
every household in the city’s pols 
(the walled city), ean supply entire 
Families with clean drinking water 
LUbroughout the year, 


‘The entrance shaft tothe 
underground tank 


Rainwater can be 


ghout 
ear, especially 


ishing toilets The underground sunnp for storage of rainwater 
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‘System details 
Volume of underground 
tank: 302,833 litres 
(G0,000 gallons) 

| Helght o wank: 8m 

| Length a width of tank: 
46m 


Designed by ancestors of 
Ashutosh Bhatt 
Maintained by forily of 
Ashutosh Bhatt 


In pre-independence days these Jankas were sealed by the British 
to prevent freedom fighters from using these as hiding placos. Over the 
urs, a municipal water supply gained ground, people last interest in 
these rainwater harvesting systems 

When the tankas woro opened for rejuvenation by the heritage cell 
Of the Corporation, after a gap of nearly fifty yoars, they found the 
‘water to be fresh and of high quality. 


|GO0D CONDITION 
Tho tank in the Bhat houschold can be reached through a small 
pyramid-like siructure in the kitchen, which is 1_m in diametar, just 

ride enough to allow cne person to descend through the opening. A 
‘Tight of stairs leads into the tank. It is periodically accessed for 
cleaning and maintenance purposes, 

Rainwater falling on the terrace is channolled into a copper pipe 
which branches Into two outlets, one takes the water into the 
underground sump and the other to the waste drain, The first flush of 
rainwater é allowed to escapo as stormwater, Ater the cap of the 
downtake pipe leading to the drain is closed, water flows into the tank 

Before the water enters the fanka, it is filtered through layers of 
charcoal, lime and pebbles, 

The tank is freo of algac and microbes since the interior ofthe tank 
is perpetually dark and the lack of light stops their growth. The limo 
plaster on the surface of the underground tank also ensures that they 
do not grow. 
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RESIDENCE OF AMARISH BHAI VAISNAV 
JUNAGADH, GUJARAT 


Amarish Bhal Vaisnay has a family of five. The elderly Vaisnays 
are happy (o live in their ancestral property, located In the older 
parts of Junagadh, Thoir son has bought @ flat ina modern 
housing sociaty, but are still not ready to shift the 
water crisis they may have w face. “The 
Junagadh do not get drinking water for we 
fur old housn wo aro at Ioast sure of good qu 


» duo to the 


W nndern flats in 
ks ata stretch, In 
ay drinking wator 
feom our fanka,” says the eldest member a! the havse 

Thelr underground tankw can cater 1 all potable water 
requirements upto two years, even if there is np rain, Tt has & 
eapacity of 60,000 litres. 


Wow Fins FLUSH AND THEN FLIER 
EIRENE 8 “rata rotwair harverng thw lage fates af 
SERS SI” Give dem‘onl haces acy ere Slay blag inl by pega 
aoa td fi a pike reget lena 


iding Fimo (chuna) 


impact 
The tanka sorves this house well. On an average, eight buckets 
of water, of 5 litres capacity are taken out everyday for potable 
purposes, 


| Designed by ancestors of 

| Amorish Bhai Voisnay | 

| Maintained by family of | 
‘Amaish Sno! Vaisnay 


Rainwater pipe from the second 
Sour of the house lending ta the 


First lush: The left outlet is plugged with cloth during the initial 
Grastal clear water in the bucket ‘rains. The frst lash of rainwater flows into the other outlet which 


drown from the tonka leads into a stornuoater drain outside the house. Water iy ater 


diverted into the tanka 


Traditional MEHRANGARH FORT 
JODHPUR, RAJASTHAN 


Indian fort 
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Built in the 18th contury by the Rathore Rajput kings, ie harvested. 
Water was used by the residents of the fort for drinking and cooking. 

Jodhpur city sn Rajasthan falls in the desert region of tho country, 
The average annual rainfall & 325.5 mm and there are only 19 rainy 
days, Rainwater harvesting has been practised in this city from time 
immemorial. Traditionally, Jodhpur usod every means to use rainwater 
and there were a variety of water harvesting systems —tankas, talabs, 
baolis, kunds, 

Tho rulers of Jodhpur harvested rainwater on different catchments 
within the Mehrangarh fort and underground tanks stored the 
harvested rainwater. Even tnday, two such systems, the Daulat Khana 
éanka and the Janani yori ka tanka, constructed in the 18th century, 
Provide drinking water among other uses. The rainwater fram the roof 
and paved surfaces of the fort is Bltered through pebbles and is then 
stored in these two tanks, 

‘The Daulat Khane ‘anka has a capacity of 2.5 lakh litres and stores 
‘water harvested from the roof area and the Janani Dyori ka lanka has 
a capacity of 47 lakh litres and stores water frum the paved surfacos, 
‘The water in this tanka is of very high quality and is used for drinking 
by the resident's of the fort. 


Maintained by tho 
Mebrangarh Museum 
Trust 


Pre-Independence, 
British built 


RASTRAPATI NIVAS 
‘SHIMLA, HIMACHAL PRADESH 


The Rastrapati Nivas, formerly the Vieeregal Lodge. houses the Indian Institute of Advanced Study 


Rainwater harvesting 
saves municipal 
supply. The stored 
rainwater is used for 
the extensive 


System details 
Total rooftop area: 
24s85qm 

Storage systems (totat 
capacity of 178,500 titres): 
5tanks 

Year implemented: 1988 


Designed by 

Henry irwin,orchitect 
Maintained by Central 
Public Works Department 
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The Indian Instituto of Advanced Study (IAS) in Shimla is housed in the 
tho Rastrapati Nivas, » heritage property and landmark of tho town, 
Formerly knowa as the Viceregal Lodge, it was designed by British 
architect Henry Irwin and constructed in 1888. The building was 
designed with a rainwater harvesting system and the tanks are still in 
ood condition and used aven now. 


‘TIME-TESTED SYSTEM 

The building has « rooftop area of 2.498 sqm, Rainwater is harvested 
from the rooftop and stored in a series of five cylindrical underground 
tanks linked to each other si that averflow of one passes into the next 

The roof of the lodge is sloped and tiled. Water from across the vast 
ool, the various cupolas, the different levels, s collected at a central 
point on the roof and passed theough silt traps placed thore. Thon the 
water is diverted towards the downtake pipe. From hore the water 
ilirectly passes into the storage tanks, 

Each tank 1s covered with a double-layered lid. The lower ltd ts 
slotted to act as another layer of fier to arrest silt from the surface 
run-off. The upper lid completely covers the tank opeaing. 

According to the Central Public Works Department (CPWD) 
engineer responsible for the upkeep of the bullding, the raof is cleaned 
before the monsoon and the tanks monitored closely, Any Teakage or 
othor maintenance prebloms aro addrossed before the rains: 


IMPACT 

The stored rainwater fy used throughout the year for gardening. As the 
property has large gardons, substantial amounts of water are neoded 
for their upkoop. The rainwater harvesting structure thus, saves on 
water {rom the municipal supply. 


arvesting 


culture that 


began way before 


Independence is 


ving way toa 
culture of piped 
water suppl 
ctively promotec 
aa tie 


government 


ROOFTOP WATER HARVESTING 
AIZAWL, MIZORAM 


Aizawl receives very high rainfall (2,049.7 mm) both from the south. 
West and north-east rainfall. very other house of this hill town in 
North-east India has small but effective rainwater harvesting systems. 


WHY: LITTLE RECHARGE, RAPID RUN-OFF 
Because of tho hilly terrain, there is rapid rin-off and vory little 
recharge, Villages are usually on the hilltops and water Is available at 
the bottom of the valloys. Peoplo have to walk long distances to the 
rivers or springs in the valley ta collect water. 


‘A RAINWATER CULTURE 
‘The British wor tho first to build rainwater harvesting systems in the 
town. Water harvesting became tho norm and almost every house had 
4 gutter Wo capture and direct rainwater to a small storage tank plared 
under the roof This water was used for all purposes, As rainwater was 
available for most of the year, even stall storage winks were sufficient 
{to provide water far all uses. Fvon today, common poople use: this 
system to meet their water needs 


NOW, A PIPED WATER CULTURE 
The government is replacing this simple, decentralised system with 
expensive piped water supply. A large tank that was made by the 
British wo store rainwater for the public Is being used today to store 
piped water from the river: 


Simple rainwater harvesting system consisting of a sloped rinf, gutter andl a storage tank 
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ANNEXURE 1 
Information that you will need 


4 CATCHMENT RELATED INFORMATION 


1.1 Rur-off coofficiont fr diferent types of catchment 
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roof types in Inia 
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2 RAINFALL RELATED INFORMATION 


2.1: Rainfall, rainy days and maxinwum rainfall intonsity indifferent ces of neta 
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3. HYDRO-GEOLOGICAL INFORMATION 
3.1: Sol related information, 
3 


Infitration rate for different types of soils 
Selle I 
Fig chives ss 

Shalow sis, chy 3085, sais lowin onic mater 

Sandy leans sitoams 125-250 
Deep sens, wel agrenated sot sone 23 


‘Souree: Ano 2007, "Manual on artificial echage of greundwater, Cental Ground Water 
foard Row Dal 


3.1.2: Permeability of slls 
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3.1.3: Porosity of soils 
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2.1.4: Size clastos of colle 
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ck related information 


242.1 tration characterises of rocks 
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3.2.2: Porosity of rock materials 
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4. PHYSIOGRAPHIC INFORMATION 


4.1: Suitably of rainwater harvesting structures basad on physiography 
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5. DESIGN RELATED INFORMATION 


‘5.1 Rainwater harvesting potantial (ready reckoner) 
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Source: Ancn 2007. Manus! on ariel recharge of ercundwate, Central Ground Water Board, New Deh 


6, WATER USE 
6.1. Contral Public Heath an¢ Environmental 
Engineering Organieation (CPHEEO) norme 
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16.2 Water use for a family of 8/day based on informal citizens’ survey 
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‘Source: Cent for Science and Envronmert, New Dah 


ANNEXURE 2 


Noting down information for your RWH sysrtem 


RAINWATER HARVESTING SYSTEM 
Information booklet 
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1. WATER DEMAND PROFILE 
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2. SOURCE OF WATER 
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3. CATCHMENT AREA DETAILS. 
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4. RAINFALL DATA DETAILS 
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5. GEOLOGICAL AND HYDRO-GEOLOGICAL INFORMATION 
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ANNEXURES 3 


Knowledge bytes on rainwater harvesting 


‘The water eycle: This is the conti 
movement of water within the warth. Water 
evaporates from the earth, condenses in the 
atmosphere, falls as rain and finally reaches the 
ocean as rivers, coastal run-off and groundwater 
ows. Tho entire process is driven by the energy of 
the sun, 


wuous eysle of 


Rain gauge: This is an instrument that measures 
rainfall, Tho tipping buckot rain gauge is on of the 
commonest used, consisting of u “burket’ with two 
iny compartments mounted on a fulcrum 
(balanced tike @ see-saw) of equal capacity, This 
assembly is located underneath the rain 
(precipitation) enllectar, which funnels it into the 
bucket, Water is collected in one compartment and 
as it becomes overhalanced, I ips over. Rainwater 
{is now collected in the other compartment, which 
Jollaws the same procedure, The tim of each tip is 
recorded in real time using data loggers. A good 
‘upping bucket instrument records volumes of 0.1 

0.5 mmvtip, 


Rainfall intensity: The intensity of rainfall is 
‘ormally inversely proportional 10 its duration, 
When the rainfall intensity is greater there is also 
groator run-off, Tt is usually moasured in 
millimetres or inches per hour. [Rainfall intensity = 
Volume of rainwater/Duration of rainfall 


Groundwater: This is water found beneath the 
earth's surface in soil pore spaces and in the 


Fractures of rock formations. It ean be found in sand. gravel, silt, clas 
limestone beds or even in impermeable rocks such as granite when such rocks are weathered 


‘An early rain guage 


‘The earliest recore of the measurement 
of reinfall through rein gouges is found 
‘in Kautilya's Arthasastra (400 BC), In 
Kautiva’s words. "in front of the store 
house, 2 bow! (kunda) with is mouth as 
Wide as an aratni {about 18 inches) shall 
bbe set up at a rain gauge.” The rain 
gauge was called varshaman. Kautiya set 
up & network of rain gauges across the 


county. 


sedimentary rocks, 


Dugwells in ancient india 


was taken from well. 


Excavations in Mohenjodero and Harappa are proot of how: 
advanced ancient indians were in the use of groundwater as far 
‘back as 3,000 BC It is said that there were more than 700 wells in 
‘Mohenjodaro, some of them fifteen metres deep, built with special 
trapezoid bricks (to prevent collapse by the presure of the 
‘surrounding scill, and maintained for several centuries. Many of 
‘these walle were found in private houses. though the Inu iver 
clit across the city its Gear that river water was not used for 
‘drinking purposes. Rather, it took in all the sewage, Drinking water 
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or fractured. On tho surface of the earth, it ean be seen in wells and as springs. The water 
percolates downward in response to gravily or differences in pressure, 


Infiltration: Is the entry of rainfall or surface water Into the soll a the ground surface, 


Infiltration rate: The maximum rate at which any soil is capable of absorbing wator under given 
conditions is called the infiltration rate, It is high at the beginning of the rainfall session 
(50 muvhour) and decreases as rain continues at a steady rate (15-20 mmyhour). 


The infiltration rate depends upo 
© the duration and intensity of rainfall, 

+ weather charaeterisiles and soll conditions, 
+ vegetal cover, 

+ initial wetness, 

‘© depth of groundwater table, 

+ land use. 


In urban situations whore vegetation has beon romaved and repluced by impermeable surfaces, 
there is less infiltration and more run-off into siormwatar drains (see blow) 


Percolation: The process by which water, afler infiltration into the suil, moves downward or 
Jaterally through openings or fissures or fractures within the rocks In response to gravity or 
differences in pressure. If there is an impermeable layer of rock below, then the water moves 
Jaterally and joins the stream flow, When there is no impeding layer, the water perculates into 
the ground and builds up the groundwater table. 


Groundwater zones: The Vadose zone (or unsaturated zone) isthe layer of sol that contains both, 
wator und air. Tho top portion of this zone is called the root zeae and contains the routs of plaints, 
animal and worm burrows. Below that is the capillary zone, followed ky the saturated gone, 
where all the open pores are filled with water, The surfixce of the saturated zon ix known as the 
water table. The availability of groundwater dapeads on the ability of rocks and soils to receive, 
hold and yield water, 


Groundwater flow: Groundwater moves from areas of recharge — from rain or snow —to areas 
of discharge, such as springs, lakes or oceans, It moves slowly, often only inches in a day, and, 
may lake years to roach its natural discharge zone. Aquifers are nivt only storage zones but 
pathways for the flow of groundwater 
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Fractures i batts 


Recharge and discharge: There is a constent two-way movement within the groundwater. It is 
recharged by rainfall and river and lake waters. Groundwater is also discharged into wells, 
rivers, lakes, wetlands and ocoans, 


Aquifer: An aquifer is underground rock or soil that stores large amounts of water without loss 
through evaporation or pollution. It yields water and allow movement of water under certain 
conditions. 


Fractured aquifers: Those are rocks in which groundwater moves through eracks, joints or 
fractures in otherwise solid rock. Examples of fracturod aquifers include granite, basalt and 
limestone, 


Depletion of aquifer: Whon the extraction of water exceeds the recharged volume of water. 
aquifers get deploted. This overuse of the groundwater is called groundwater mining, 


What makes a good aquifer? 

‘The propertins of the materials that make up the aquifer as well as al of the aquifer itself are 
important considerations for recharge as they determine how quickly and in what direction the 
‘water will move through the aquifer. The properties of an aquifer will depond on the nature of 
the soil and the nature of rocks that make up the aquifer: 


Aquitards: Zones that either roctrict or complotoly block the movement of groundwater between 
‘aquifers and are made up of layers of clay or non-porous rock with law hydraulic conductivity 
‘An equitard that is completely impermeable is called an ‘aquictudo’ or ‘aquifuge’ 


Unconfined aquifers: An unconfined aquifer is exposed to the surface, but has an underlying 
confining layer. It has both a saturated zone as well as an unsaturatnd rons, The top of the 
Saturated zone Is called the ‘water table’ which is sabject to atmospheric pressure, It recoives 
rochargo diroctly fron the surfece. 
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Confined aquifers: These are overlain and underiain by impermeable rock mass. The confined 
aquifer receives recharge from distant sources. The ability of the aquifer 10 hold water of a 
confined aquifer is much lowor than that of an unconfined aquifer. 


Consolidated aquifers: hese are made up of material that is closely packed or cemented 
together such as limestone, fractured rack or soft sandstone, 


Unconsolidated aquifers: Thoso are made up of loose material such as sand, pebbles and gravel 
Im hilly terrain, aquifers will usually be unconsolidated alluvium, 


Porosity: The numbcr of pores per unit volume of soil or rock is called porosity. The poresity of 
a rock or soil determines how much water can be held in it. Soil with a largo number of spaces 
between particles has a high porosity 


Permoability deponds on the number of spaces and how well they are interconnected. It also 


depends on the size and shape af grains, their uniformity and distribution 
Very high permeability may mean that there wil be high discharge of stored water and hence 
not suitable for storing wator in the aquifer. Medorate permeability is ideal for recharging the 
aquifer for use ata later time. Alluvium, sand dunes, fractured or weathored rocks are good for 


recharging the aquifer. Porosity together with permeability makes a good aquifer. 


Thickness and arca of the aquifer: The greatest volume and rates of recharge will be oblained 
when the underlying strata consist of thick formations of porous and permeable sand or gravel 
br porous or cavernous rocks. 


Soil texture: Soil texture is determined by the varying proportions of diferently-sized par 
The main types of soil toxturos aro sand, loam, silt and clay. 


ANNEXURE 4 


A resource list 


AHMEDABAD 
Raj Irritech Put Ltd, 

Plot No. 427, Road No.10, GIDC Kethviada, 
Phase Il, Ahmedabad ~ 382 430, 

Gujarat. 

Phone : 079 22601634/36, 
http//www-rejrritech.comiraj-group.htinl 
(Contact for poo-up filters) 

Chapter 8: Filter systems 


Ashutosh Bhett, 
Dhobini Pol 

Ahmedabad, 

Gujarat. 

Phone: 079 22142314 

{Traditional water harvesting system) 
Chapter 16: Case study: Residence of 
Asutosh Bhatt 


Vipul shah, 
Secretary, 

‘Blmanagar Cooperative Housing Society. 
Satellite Road, Ahmedabad, 

Gujarat. 

(Recharge of groundwater) 

Chapter 11: Case study: Bimanagar 
Cooperative Housing Society 


PRAVAH, 
‘G2 Raksha Apartment, 

Himatlal Park Road, 

1200 Azad Society, 

(Near Satellite Road), 

‘Ahmedabad — 380 015, 

Gujarat. 

Phone: 079 26762590, 26763984 
(Recharge of groundwater) 

Chap 11: Case study: Bimanagar 
Cooperative Housing Society 


Centre for Integrated Development, 
1 Neelgagan Tower, Management Enclave. 
Vastrapur, Ahmedabad ~ 380 015, 

Gujarat 

Phone: 91 79 40034739, Mobile: 9426104739 
‘Email: cfidahmedabadayanoo com 
Recharge of graundvsater) 

Chapter 11: Case study: Bimanagar 
Cooperative Housing Society 


BENGALURU 
5. Vishwanath, 

Rainwater Club, 

1022, 6th Block, 1st Floor, HMT Layout, 
Vidyaranyapura Main Road, 
Vidyarenyepura, 

Bengaluru —560 097, 

Kornataka 

Phone: 080 41672790 
btpafwrvrainwvaterclub.org 


(Contact for Varun fiers) 
Chapter & Filter systems 
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Rainy Filters, 
#548, 11th Cross, 7th Block, Jayanagar, 
Bengaluru — 560 082 

Phone: 080 26766252 

Website: wwwrainyfilters.com 
(Contact for Rainy filters) 

Chapter 8: Filter systems 


AR Shiva Kumar, 
‘Senior Fellow and Principal Investigator ~ RWH, 
Kamataka State Council for Science and 
Technolog) 

Indian Institute of Science, 

Bengaluru ~ 560 012. 

Phones: 080 23341652, 23348848, 23348849, 
Website: httpurksest org inirwh.enl 

(or information on pop-up filters) 
Chapter 8: Filter systems, 


John Fowler (India) Pvt Ltd, 

Plot No 6 & 6P, 

Bommasanidta Industrial Arca, 

Hosur Road, 

Bengaluru ~5€0 038, Kernataks. 

Phone: 080 27835794 

Email: flevinl.com 

{incustral unit, maintaining groundwater levels) 
Chapter 13: Case study: John Fowler India 
fe tte 


Or GG Chandankeri 
Technology Informatics Design Endeavour (TIDE) 
No : 19, Sth cross, 6th main 

Malleswaramr, Bangalore - 560 003 

Phone: 080-23315656, 23462032 

Website: wwtide-india.org 

(industrial unit, maintaining groundwater levels) 
Chapter 13: Case study: John Fowler India 
(utd 


sayawanth Bharadwaj, 
Rainbow Drive 

Sarjapur Road 

Bengaluru, Karnataka. 

Phone: 9845831439 

Email: jayawarth b@hotmal.com 
(Harvesting using stormwater drains) 
Chapter 11: Case study: Rainbow Drive 


Biome Environmental Solutions Pvt Ltd 
No 1022, VI Block, HMT Layout, 
Vidyaranyapura, 

bengaluru ~ 560 097, 

Phone: 080 41672790, 080 23644600 
E-mail: water@biome-solutions.com 
(Harvesting using stormwater drains) 
‘Chapter 11: Case study: Rainbow Drive 


cai 


SHOAL 
Brijesh Namdeo, 

AMBER, 

124, Mandakini Seciety 
Kolar Road, shopal 452042 
‘Madhya Pradesh 

Phone: 9977003476 
(Contact for Amber filters) 
‘Chapter 8: Filter systems 


MK Khanna, 

Secretary, Priyadarshini Heights Retidents 
‘Association, 

F 2, Priyadarshini Heights, 

G3, Gulmotur Colony, 

Bhopal 

‘Madhya Pradesh. 

Phone: 0755 4261142 

(Recharge of groundwater in absence of 
‘municipal supply, Put a stop to tanker supply in 
‘multéstoreyed apartment comples) 
Chapter 11: Case study: Priyadrashini 
Heights 


BHUBANESWAR 
uchika Social Service Organisation (RSSO) 
373118 Sriram Nager, Samentarepur 
Bhubaneswar - 751 002 

Odishe 

Phone: 0674 2340746, 2340583 

(Mo municipal supply, sium area)) 
Chapter 14: Kargil & Suka Vihar 


(CHENNAL 
RRamani, 
1050, 41st Street, 


— 490 080, 
‘Tamil Nadu. 

Phone: 044-26523310 
ramanis343@yzhoo.com 

Chapter 10: Quality of rainwater 


‘The Principal, 

SISHYA, 

New No 2, Padmarabha Nagar, 

‘Adyar, Chennai ~600 020, 

Tamil Nadu. 

Phone-91-44-24912652 

E-mail sshya@hishya.com 

(Recharge and mpravernent of quality of 
groundwater in schoo) 

Chapter 12: Case study: Sishya 


Mangalam Balasubramaniam, 

Exnora Green Pammal, No 14, 7th Street 

St) Sankara Nagar, Pammal, 

Chennai ~ 600 975, 

Tamil Nadu. 

Phone: 09444387970 

Email: mangalam_balasubramanian@yahoo.com 
(Revival of tank, citizen’ efforts) 

Chapter 15: ArkeeswararSuriammam. 
Temple Tank 
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DARJEELING 
‘The General Manager, 

Hotel Cedar inn, 

Cedar Inn, Dr Zakir Hussain Road, 
Darjeeling ~ 734 101, 

West Bengal 

Phone: 0354 2254446 

Email cedarinn@satyam.netin 

(Harvested rainwater mainstey for 

all non-potable uses) 

‘Chapter 13: Case study: Hotel Cedar Inn 


Dewas 
Rajneesh Londhey, 

Vinayak Water Solutions, 

190-C Kalani Bagh, AB Road, 

Dewas - 455 001 

Madhya Pradesh 

Phone: 9893700810 

E-mail: vinayakwatersolution@gmailcom 
(Contact for Vinayak filters) 

Chapter 8: Filter systems 


GADAG 
‘Gopal Krishna Acharya (Archakd, 

Shree Veeranarayana Temple, 

Agraher, 

Gadag— 582 101, 

Kamataka 

Phone: 8372235129 

(Quality of well water has impreved and 
Js used for all ritual purposes) 

Case study: Sri Voor Narayana Temple 


GURGAON 

Rakesh Goyal 

Manager, Safety and Environment, 

Honda Motocorp, 

{69th KM stone, Delhi Jaipur Highway, 
Daruhera ~ 122 100, 

Rewari, Haryana. 

Phone: 01274 282131135, 24329285 
(Maintaining groundwater levels with extensive 
network of rainwater harvesting structures at 
industrial unit) 

‘Chapter 13: Case study: Hero MotoCorp, 


YDERABAD AND SECUNDERABAD 
Dr MM Sharma, 

19, Hastinapur Colery, 

{Near Sainikpuri Post Office. 
Secunderabad ~ 509 084, 

‘Andra Pradesh 

Phone: 040 23296161 exin 2170 
Chapter 6: Storage 


Ms Babita M. Ingewar 
Manager, Pand A 

Cygnus Microsystems (P) Limited, 

93 Phase il, IDA, Cherlapally, 
Hyderabad - 500 051 

Andhra Pradesh 

Phone: 020 27261326 

E-mail: bobita@eygnusmicro.com 
Chapter 5: Preparing your budget 


INDORE 
DIV N Shrott 

17, Lala Ramnagar, Indore, 

Maciye Pradesh, 

Phone: 9425000806 

(Recharge completely reversed deciine of 
groundwater) 

Chapter 11: Case study: Farmhouse of 
VN Shroff 


Mrs Omprakath Sharma 

WA-1OIScheme No 84, Ring Road East, 
ipliyakumar Circle, Dewas Nallah, 

Indore ~ 452 010, 

Madhya Pradesh 

Phone: 0731- 4064s64.65 

(Using stored rainwater with care hat stopped 

‘tanker water supply) 

Chapter 11: Case study: Residence 


JAMSHEDPUR 
‘The Principal, 

Kerala Public School, 

Road No 17, lawahar Noga 

Mango, Jamshedpur — 832 110. 

Phone: 2462458, 653341, 

{Recharge of defunct well) 

‘Chapter Case study: Kerala Public School 


jooupur 
Dr Rajesh Kumar Goyal, Sr Scientist, 

Central Arid Zone Research Institute, 

Jodhpur ~ 342 003, Rajasthan, 

Phones: 0281 2788789, 9472470251 

(Farm for research purposes, needs high quality 
‘of water for plants) 

‘Chapter 12: Case study: Central Arid zone 


Mehiangarh Museumn Trust, 
Mebrangarh Fort, 

Jodhpur, 

Rajasthan. 

Phone: 9414410552 

{Traditional water harvesting system) 
Chapter 16: Case study: Mehrangarh Fort 


JuNacaDH 
Amish Bhai D Valshnay, 
‘Old Nagar Wad 

Hethan Falia, 
Junagadh, Gujarat: 
{raditional Water Harvesting System) 

Chapter 11: Case study: Residence of Amish 
‘hal Vaishnav 


Unit Manager, 
cMsu-wasMo, 

Junagadh, 

Gujarat. 

Phone: 0285 2654105 

E-mail: jdh.dwsc@amail.com 

(Drinking water) 

Case study: Drinking water (Institution) 


kocut 
‘Community Heaith Centre 
Government Hospital 

‘Angamaly PO 

Kochi 

Kerala 583542 

Phone: 0484 2455950 

(Drinking water) 

Chapter 12: Case study: Angamaly 
Government Hospital 


Peter Thetayll, 

Executive Director 

The Andhyodaya 

MC Road, Argamaly 683572 
Emakulam Dist. 

Kerala 

Phone: 0484-2453548,3254881 , 09388607010 
andhyodaya@gmail.com 

(Drinking water) 

Chapter 12: Cate study: Angamaly 
Government Hospital 


St Mary's Church, 
Korambadam, 

Kadamakudi, 

Kochi, 

(Rainwater used for potable purposes) 
Chapter 12: Case study: St Mary's Church 


KOLKATA 
Arvind Sarkar, Mall Incharge 

Gariahaat Mall 

Site office, Parking basement 

Jami Lane, Ballygunge 

Kolkata - 700019 

West Bengal 

Phone: 033 24613502, 9830301 162 

(Used for airconditioning cooling systems) 
Chapter 13: Case Study: Gariahaat Mall 


Ranjit Gupta 
Interdesign, 22012, Panditia Road Extn 
Kolkata-700029 

West Bengal 

Phone: 033-24660625 

E-mail: ranajitecaLwsni.net.in 

(Used for airconditioning ceoling systems) 
Chapter 13: Case Study: Gariahaat Mall 


NK Kanodia, 
38A/1, New Road, 


Chapter 11: Case study: Residence of NK 
Kanodia 


Dr Mohit k Ray, 
Vasundnara, 

10 Ssecond Road, Eastern Park, 
Park Santoshpur, 
Kolkata-700075, West Bengal. 
Phone: 033 29165389 

Exmail: meeg@eal2.venlnetin 
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(Revival of lakes) 
Chapter 15: Case study: Baghajatin & 
Kajipukur lakes 


Asis Sarkar, 

Secretary, 

Baghajatin Lake Unnayan -O-Tran Samity, 
AN27N Baghajatin Pally, 

Kolkata - 700 032. 

West Bengal 

(Revival of fakes) 

‘Chapter 15: Case study: Baghajatin & 
Kajipukur lakes 


‘AR Chakrabory, 

Treasurer, 

all Pukur Unnayan Samity, 

4222 Baghajatin Pally 

Kolkata ~ 700 092. 

Phone: 033 24127828 

(Rewval of lakes) 

Chapter 15: Case study: Baghajatin & 
Kajipukur lakes 


arge, site office, 

Shanti Niketan Residential Enclave, 
‘Madurai, Tamil Nadu, 

Phone: 9842326583 

(Requiations) 

Chapter 3: Policy and Practice 


N Arunachalam 

Plot No 98, Justice Shire, 

Shri Jaya Vilas Gardens, 

Kadachenandal, 

Madurai - 625 107, 

Tamil Nadu. 

Phone: 0452 3208711 

(Wo municipal supply) 

Chapter 11: Case study: Residence of N 
‘Arunachalam 


MANGALORE 

Sister Jeraldine 

Somarpann Convent, 

Generalate of the Ursuline Franciscan Sisters, 
'Somarpenn’, Pani, 

Derlakatte PO 574 160, 

Mangalore, Karnataka. 

Phone: 0824 220 2803 

Ema: jeraldineufs@rediffmail.com 
(Rainwater harvesting system built-in into the 
system) 

Chapter 12: Case study: Somarpann 
Convent 


‘MUMBAI 
Principal 

Jamnabai Narse School, 

Juhu Narsee Monjee Bhavan, 
Narsee Menjee Mara, 

NS. Read No. 7, JVPD Scheme, 
Vile Parle (Westi, 
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Musmisei - 400049, Maharashtr 
Phone: 022 26187575 
(ainwater harvesting has cut down water costs) 
‘Chapter 12: Case study: Jamnabai Narsee 
Schoo! 


UM Perenipe, 
Jalvardhini Fratishthan, 

4, Janki Nivvas, Gokhale Road (North), 

Dadar, Mumbai 

Maharashtra. 

Phone: 9820788061 

Email: paranjpe.uihas@gmailcom 

{Rainwater harvesting has cut down water costs) 
Chapter 12: Case study: Jamnabai Narse 
‘School 


Prabodhan Krida Bhavan 

Sidharth Nager, Goregeon 

‘Mumbai ~ 400 014 

Phone: 022-2879758283 

E-mail: kridabnavan@prabodhan.ora 
(eduction of water ute from munciapl supply 
‘and recharge of aquiter) 

Chapter 14: Case study: Recreational places 
(Prabodhan Krida Bhavan, Mumbai) 


Sandeep Adhyapak. 

Water Field Techriologies, 

C16, Golden Willows, 

Vasant Gardens, Near Swapna Nagari, 

‘Mulund (W), Mumbai ~ 400 080. 

E-mail waterfieldindia@gmall.com 

Phones: 022 21643331, 9821340043 
(Reduction of water use from munciapl supply 
and recharge of aquifer) 

Chapter 14: Case study: Recreational places 
(Prabodhan Krida Bhavan, Mumbai) 


Mussoorie 
Harshada P Worah, 

Hotel Padmini Nivas, 

The Mall, Mussoorie ~ 248 178. 
Uttarakhand. 

Phone: 0135-2631093/2630002 
Chapter 6: Storage 


stephen ates, 

Oabuil, 

Mussoorie - 248 179, 

Ustarakhand 

E-mail: stephenAlter@woodstodk.ac.in 
(Supplements municipal supply) 
‘Chapter 11: Case study: Residence of 
Stophen Alter 


HRamesha, 
‘No 3, Bank Colony Bogaci, 
Mysore ~ 570 026, 
Kamataka 

Phone: 9451168733, 
E-mail hebbal@gmail.com 


NEW DELI 
Vandana Menon, 

2, Nizamudidin East, 

Now Delhi - 110 073, 
Phones: 0111 435081372305, 
(Stop waterlogging by capturing rainwater 
flowing in stormwater drains) 

Chapter 11: Case study: Nizamuddin (East) 
colony 


Servagya Srivastava, 
Chief Engineer, 

Parliament Civil Work Zone, 

Parliament Complex, 

Pandit Pant Marg, New Delhi - 110.001. 

Mobile: 98107 04614 

(Chapter 12: Case study: Rashtrapati Bhawan 


Ravindra Yaday 
Chief Engineer, 

Indian Spinal Injuries Centre, 

Sector -C, Vasant Kuni, 

Now Dethi 110070 

Phone: 011 42255234 

E-mall: ravinderisie@yahoo.com 

(Chapter 12: Case study: indian Spinal 
Injuries Centre 


or 
‘Ms Neeta Anand 

C-A86, Defence colony, 

New Delhi, 

Phone: 011 2465662 

(Using stormwater drains) 

Chapter 11: Case study: Defence Colony 


Project Director, 
Nizamuddin Urban Renewal initiative, 

The Aga Khan Development Network, 

1-15 Jungpura extension, 

New Delhi — 110 014, 

Phone: 011 40700720, 43717792 

www nizamuddinrenewal org 

{Revival of urban water body) 

Chapter 15: Case study: Nizamuddin Baoli 


PUNE 
Jyoti Panse, 

Jyoti Panse and Associates, 

{82012 Runanubandh Manas Lane, 

Off Bhandarkar institute Road, 

Pune: 417 004, 

‘Maharashtra. 

Phone: 020 25672008 

Chapter 4: Planning and designing 


Comprehensive Water Management Solutions 
Put Ltd (CWMIS), 

82002 Runanubandh Manas Lane, 

Off Bhandarkar inctitute Road, 

Pune: 417-008 

Maharashtra 

Phone: 020 25672994 

Chapte 


RAJKOT 
‘The Municipal Commissioner, 

Rajkot Municipal Corporation, 
Dhebarbhai Road, 

Rajkot 360.001. 

Phone: 0281 2239973 

Esai: mc_rmearme.gov.in 

Chapter 14: Case study: Race Cours 
Rajkot 


SHILLONG 
Mr G Pariyat, 

state office, 

General Administration Department, 
Bark Point, 

Shillong 783 001 

Meghalaya 

Phone: 0364 222 2862 

Chapter 11: Case study: Deputy Chief 
Minister's house, Shillong 


‘SHIMLA 

Indian institute Of Advanced Study, 

Rashtrapati Nivas, 

Shimla ~ 171005 

Himachal Pradesh 

Phone: 0177 2630006 

email: directorias@omail.com 
(Preindependence, Sritish-buil, rainwater 
harvesting system constructed with the building) 
Chapter 12: Case study: Rastrapati Nivas 


Headmaster, 
Bishop Cotton School, 

Shimla — 171 002, 

Himachal Pradesh. 

Phone: 0177 2620880, 2520990, 

E-mail: headmasterebishopcotton.com 
(Potable use during rainy season, non-patable 
Uses at all other times) 

Chapter 12: Case study: Bishop Cotton 
Schoo! 


‘THIRUVAMANTHAPURAM, 
Project Coordinator 
‘Malankara Social Service Society, 
St Mary's Compound, 

Pettom, 

Thiruvananthapuram ~ 695 004, 


Phone : 944756082010471 2552892 
E-mail: info@msss.org 

(Water for all non-potable purposes) 
Chapter 12: Case study: Malankara Social 
Service Society 


Sn Aditya Raghunath Dy manager 
Sri Rangji Mandi 

Vrindavan 281121 

Uttar Pradesh 

Phone: 0365 2442787 

{Contrliing water logging) 
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‘CONTACT DETAILS OF GOVERNMENT 
INSTITUTIONS 


‘AHMEDABAD 
‘Ahmedabad Urban Development Authority. 
Sardar Vallabhbhai Patel Sankul, Usmanpure, 
‘Ashram Road, Ahmedabad - 380 014, 
‘Gujarat. 

Phone 078 2754505154 

urban@auda.org.in 


sENGALURU 

Public Relations Officer 

Bangalore Water Supply and Sewerage Board 
et & 2nd Floor 

‘Cauvery Bhavan, 

KG Road, 

Bengolury ~ 569 008, 

Help deck numbers ~ 080 23341652, 23348848, 
23348849 

Interv buvssh.orghrainwater_harvesting html 


Rainwater Harvesting Cell, 

Kernateka State Council for Science and 
Technology, 

Indian Institute of Science, 

Bengaluru - S60 012. 

Phones: 080 23341652, 23348848, 23348849 
Website: httpuikscst.ora.in/rwh.ntmt 


BHOPAL 
Officerin-charge, 

City Planning Department, 
Building Permission Section, 
Bhopal Municipal Corporation, 
6 No Bus Stop, Shivaji Nagar, 
Bhopal 


CHENNAI 
Rainwater Harvesting Coll, 
TWAD soard, 

41, Kamarajar Sala 
Chennal ~ 500 005. 


Senior Hydrogeoloaist, 
RWH Col/CMWSSB, 

‘No 1, Pumping Station Road, 
CChintadripet, Chennai - 600 062. 
‘Website: chennaimetiowatertn.nicin 


‘Ye == caren OER WERE LL => 


HYDERABAD 

Rainwater Harvesting Cell, 

Hyderabad Metropolitan Water Supply and 
Sewerage Board, 

Khairatabad, 

Hyderabad ~ 500 004, 

‘Andhra Pradesh. 
httpztmwwhyderabadwatergouinwwo/UUrainw 
aterharvesting.aspx 


INDORE 

Gity Engineers Office, 
Rainwater Harvesting Cell, 
Indore Municipal Corporation, 
Palika Piaza, MTH Compound, 
Indore. 


muMBaL 

Rainwater Harvesting and Water Conservation 
Cell, 

‘Municipal Corporation of Greater Mumbai, 
Municipal Head Office Annexe, 

{rd Floor, Mahapalika Marg, 

‘Mumbai - 400 001 

mall: aerwhbmeayzhoo.coin 

Website: migm gov infnititaivedRainwater 
harvesting 


NEW DELL 

Executive Engineer (Rain Water Harvesting). 
Delhi Jal Board, 

Room No.11, Varunalaya Phe 
Near Jhandewalan Mata Mandi 
Karol Bagh, New Delhi - 110 005. 

Help Desk No: 23558264 & 23676380-82 Extn 227 
|nttpuiwwuw.celh. cov inkwpsiwerconnecudoit oj 
b/DIBVHome/RaineWatersHarvesting! 
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“A time will come when even 


4947-2002 


fancy urban citizens in 
mogacities will be using their 
roofs for capturing rainwater: 
Isay this because we are 
rapidly polluting all our rivers 
and groundwater systoms 
With agricultural chemicals 
and industrial poisons." 
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